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ABSTRACT 

Since it is impractical to have students test 
patients for hearing lo.'s, training in basic pure tone audiometry is 
usually inadequate. To remedy this, a simulated audiometer was 
developed that interfaced with an IBM 1F00 instructional system for 
computer-assisted instruction, and a course of instruction was 
written in Coursewriter II. The instructional portlcn of the program 
was tested with 27 subjects of varying backgrounds in audiology. 
Sixteen subjects produced acceptable audiograms on the criterion 
task} of those who did not, all but two showed improvement curing the 
criterion task. No systematic relationships were found between time 
for the course, number of errors, and final performance, studehts 
performed equally well, whether they had had experience with 
audiometry or not. Extension of the course to include more 
sophisticated audiometric test procedures, addition of an audio 
capacity, and improvements to the Audiometer Trainer Unit are 
recommended. It is suggested *hat the concept can be applied to other 
health-related devices and ttaining. Appendices include theory and 
maintenance Instructions, an instructional manual, course frames, 
conputer listings, a course outline, an oral postproyram 
questioM.aire. and sample of Unit 3 audiograms. (ME) 
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FOREWORD 



Host applications of computer-assisted Instruction today use either 
drill and practice or tutorial modes of Interaction with students. 8oth 
these modes of Instruction can be highly sophisticated and can make 
lasting contributions to the education of children and adults. Unfortu- 
nately, however, much of what has been produced has been criticized as 
being an expensive method of page-turning. Critics state that what was 
done with the computer could have been done by other methods at much 
less cost. To some extent the critics may be right. When a course 
author Is given a limited time to produce a systematic course of Instruc- 
tion and must use a language that Is difficult to use and limits flexi- 
bility, the result usually Is much like a scrambled text. The computer 
merely turns pages and keeps score of right and wrong answers. 

Computer-assisted Instruction need not be limited to the tutorial 
and drill and practice modes. Indeed, two additional modes of student- 
computer Interaction promise to be very powerful pedagogical devices. 

On? Is an Interaction that Is a true dialogue: the student asks questions 
In his natural language of the computer and the computer provides answers. 
The second mode Is the use of the computer as a simulator of some process 
or device that Is to be learned by the student. The dialogue approach 
Is presently limited by the ability of the computer to accent and process 
only limited amounts of natural language. Consequently, widespread use 
of the dialogue mode of Instruction Is still In the future. Rapid strides 
have been made using the computer as a simulator, however, and some 
gaming and medical diagnosis programs where the computer plays the role 
of the patient or opponent have already been developed. Simulation may 
be more appropriately applied to the situation where some device Is 
simulated and connected to the computer. Both of these uses of the 
computer as an Instructional simulator should enhance Its value to the 
health professions. 

The application of computer-assisted Instruction to the health 
fields can be supported by very persuasive arguements. Practitioners In 
the health- related fields must learn a great deal of detail, all of which 
must be brought to bear on each problem to be solved, diagnosis made, or 
treatment prescribed. Frequently there Is no opportunity to consult 
references or other aids during the decision-making process. Tradition- 
ally, knowledge has been gained through Intensive study and memorization. 
The Information explosion Is now placing tremendous strains on this 
method of learning) help Is needed. In addition, knowledge of many new 
devices, developed by our technology for the health fields, must be 
added to an already overburdened curriculum or must be galnM on the job 
when time Is at a premium. Computer-assisted instruction may help to 
alleviate these serious problems. It has already been used as an aid 
to teach elements of medical knowledge such as pathology and anatomy and 
has even been used to simulate a patient for practice In diagnosis. In 
the field of audiology, a course has been developed that teaches basic 
elemrr.ts of the hearing process. 
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The field of audloloay may be considered typical of health-related - 
disciplines. Within audiology, as with all other health-related fields, 
there has been a rapid growth of knowledge. Audiologists also must gain 
familiarity with the audiometer and the methods of using It Co give 
hearing tests. The project described In this report was concerned with 
Improving the training of students in the use of the audiometer and the 
administration of hearing tests. This training was done on a computer- 
assisted Instructional system with a simulated audiometer that was 
connected to the computer. Sufch a project may be considered a prototype 
of analogous endeavors In other fields. 

In a complex project of this type, the assistance of many people 
Is needed, and debts of gratitude are owed to many of those at the 
Penn State CAI Laboratory who contributed to the effectiveness of the 
program. Special thanks go to Mr. Paul Peloquln and Mrs. Leslye Bloom 
who prepared the special displays for the display screen and to Kr. 

Terry «ehn, Hr. Fred Chase, and Mrs. Carol ftiyer for valuable technical 
assistance. To Mrs. Irene Cashel 1, who helped work on the program, sat 
with many of the subjects, and analyzed the preliminary data, and to 
Mrs. Bonnie Shea, who spent many tedious hours culling the final data 
from voluminous student records, very special appreciation Is due. 

The administrative support provided by Mrs. Betta kriner and Mrs. Kris 
Sefchick made the completion of the project possible. Finally, a 
special acknowledgement must be made to Mr. Richard C. Rlvett of IBM, 
Federal Systems Division, who designed the A1U and made many special 
trips to make modifications and to Insure that the ATU performed 
satisfactorily. 



David P. Yens 

University Park, Pennsylvania 
October 6, 1969 
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SUMMARY 



The typical training of students In basic pure tone audlomntry Is 
Inadequate because students use an audiometer to test others whose 
hearing Is normal and they generally receive no Information on the cor- 
rectness of their technique during practice. In order to provide a 
monitoring capability as well as a variety of hearing losses, a simulated 
audiometer was developed that Interfaced with an IBM 1500 Instructional 
system for computer-assisted Instruction. A course of Instruction In 
the use of the audiometer and audiometric testing was written In 
Coursewrltar II to teach students to use the method of limits to obtain 
hearing thresholds without guidance. 

The Instructional portion of the program was tested with 27 subjects 
of varying backgrounds In audiology; 24 completed the course. Experi- 
enced audiologists, students In audiology, nurses, and subjects In 
completely unrelated fields comprised the sample. Data were gathered 
on the number and types of errors made, time taken, and performance on 
a criterion threshold finding task, i An oral questionnaire was admin- 
istered after completion of the program. The average time to complete 
the course was 132 minutes. 

Sixteen subjects produced acceptable audiograms on the criterion 
task. Of those who did not, all but two showed Improvement during the 
criterion task No systematic relationships were found between time 
for the course, number of errors, and final performance. There was also 
no correspondence eetween selected student characteristic? and the 
course measures obtained. Students performed equally well whether or 
not they had had previous experience with audiometry. They uniformly 
liked the course and thought It was a good method for learning. 

With the added practice which was omitted from the subject trials, 

It Is anticipated that all students would reach an acceptabV level of 
audiometric testing practice. Use of the course Is recommended for 
college students In audiology, nurses, audiometric technicians, and for 
proficiency maintenance purposes. Extension of the course to Include 
more sophisticated audiometric test procedures, the addition of an 
audio capacity, and Improvements to the Audiometer Trainer Unit are 
recommended. The success of the simulated audiometer as a teaching 
device suggests that this concept can be applied to other health related 
devices for which extensive practice Is needed to gain proficiency. 




INTRODUCTION 



The beginning course In audiology (SPA 430) at The Pennsylvania 
State University Is typical of the beginning course taught In audiology 
at colleges and universities across the United States. Approximately 
150 Institutions of higher learning teach such a course. To the In- 
vestigators' knowledge, all of these courses teach at least some pure 
tone audiometric test technique-, and Include at least some audiometric 
test practice. 

The experience at Penn State In offering the desired amount of pure 
tone testing practice to the enrolled students Is typical. A class 
enrollment normally Is between twelve and thirty students, two terms per 
year. At the present time, the requirement Is that each student do a 
pure tone air conduction audiogram, for six frequencies In both ears, 
on at least ten practice subjects. (This requirement of ten audiograms 
Is a minimum for development of adequate audiometric testing skills.) 

For a class of twenty students, this requires 200 audiometric tests. 

The number of subjects available for testing is limited. It Is typical 
for the students to be listeners for each other as they administer 
audiometric tests for practice. However, this exchange of time has a 
severe limitation In that nearly all students in the course have normal 
hearing. It Is Impractical to use clinic patients for student testing, 
both because of the responsibility for professional level of services 
to clinic patients, and because of the limitations on the time that can 
be demanded of a patient for testing practice by students. 

During their testing practice, students normally are unable to test 
subjects with a variety of hearing disorders or with a variety of patterns 
of response. A related problem Is that, In order to do tests on human 
subjects, an audiometric sound-isolated room Is required for each testing 
station. These rooms not only take up considerable floor space, but are 
expensive to provide for student practice, and normally are not available 
in sufficient quantity with necessary audiometric test equipment. 

It is clear that In order to provide students-ln-tralnlng with 
adequate audiometric test practice experience, techniques not now 
available should be developed. 

In addition to students-ln-tralnlng, there Is another large group 
of audiometric test practitioners. These 3re school and Industrial 
nurses. In many states, It Is required that each year school children 
receive pure tone hearing tests. Usually these are administered by the 
school nurse, although In some places speech therapists or technicians 
may be used. In Industrial situations, the plant nurse very often Is 
required to do the Intake audiogram and monitoring audiograms of the 
wrokers employed In noisy environments. This group of In-service school 
and Industrial nurses comprises a much larger group than audiology 
students-ln-tralnlng. 

In the typical nurse's training program no specific work Is given 
In administering audlomotrlc tests, or there Is no more than a lecture 
or two about hearing testing. When the nurse finds herself on the job 
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with the requirement to do audiometric testing, she typically Is able to 
do little more than read the manufacturer's book about her audiometer and 
to talk to the hearing aid and audiometer distributor. These sources of 
Instruction are woefully Inadequate. 

» 

In some Instances, the state department of health or education 
personnel are able to give school nurses some field Instruction, but the 
situation In Pennsylvania Is not atypical. In the Department of Health, 
which Is charged with the responsibility for the statewide school testing 
program, there are two employees In the audlologlcal and hearing conserva- 
tion area. There are two state level employees In the Department of 
Public Instruction, Although they have attempted to Instruct the school 
nurses In Pennsylvania on proper test procedures, they can do little more 
than make occasional contacts with the nurses. An automated program for 
providing school and Industrial nurses with a short Intensive course In 
good hearing test administration practice would help alleviate this 
serious problem. 

The concept of developing a computer terminal and programing the 
computer to play the role of a person with hearing loss Is consistent 
with the development of concept* for using computers to simulate live 
patients having various diseases and utilizing the computer to assist in 
medical diagnoses (Swets and Feucelg, 19C5). Not only does the student- 
in-training have tho opportunity to be presented with a wide variety of 
symptoms, he also has the opportunity to have a wide variety of untiring 
“patients." 

The computer-simulated subject for a hearing test provides several 
advantages. The actual pattern of each tone given to a "patient" can 
be noted and a critique can be given to the student. Student audio- 
metricians can follow a sequence of Increasingly difficult patients to 
test. The student can report the results of his test findings to the 
computer, and Immediately have them checked against the correct hearing 
status. He then can be led Into a repeated series of tests o.f the same 
or different "patient ears," depending upon his level of test competence. 
The computer simulation of hearing test situations can provide a student 
with as much practice as he desires upon his own demand, or as much a c 
he needs according to his proficiency. It Is well within the capabilities 
of the present computer state-of-the-art to provide such things as 
temporary threshold shift In an audiogram, variabilities In attention, 
patient fatigue, a wide variety of audlometrlc test patterns, responses 
typical of subjects with noil-organic hearing loss, and responses for 
tests other than threshold (loudness balance, equal loudness contours, 
difference Ilmen for loudness, short Increment sensitivity Index, and 
so forth.) 

specific objectives of the present project were: 

To develop an audiometer-type terminal to be used In the 
computer assisted Instruction setting In conjunction with 
existing hardware. 
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2. To write a computer program simulating subjects with normal 
hearing and with threshold hearing losses. Including the 
typical types of audiometries patterns normally seen In 
clinical practice. 

3. To make a field trial of the computer terminal and Its associate 
teaching program, using University students-ln-tralnlng and a 
sample of nurses. 

It Is not proposed that the computer training technique would be 
desirable as the only method for student audiometricians. Rather, after 
some Initial Instruction, the student could develop basic manipulative 
skills fer hearing test administration. He could be led through the 
thre?’iold decision making process, and he would be given testing practice 
via the computer technique. After such a period of training and experi- 
ence, he would proceed to further practice with live subjects. It Is In 
the earlier phase, prior to live-subject practice, which Is of Interest to 
the present project. 



METHOD 

The development and programing of a simulated pure-tone audiometer 
consisted of five phases: 

1. Development of simulated audiometer terminal. 

2. Engineering aspects to the Interface between simulated audio- 
meter terminal and telephone line/computer. 

3. Development of strategy and content of course of Instruction 
and practice. 

4. Programing of course content for the IBM 1500 computer system 
using the Coursewrlter II language. 

5. Tryouts of material with audiology students and nurses, with 
concurrent program corrections and modifications as necessary. 

A diagram charting the development of each part of the project is 
found In Figure 1. 

Development of Si mulated Audiometer 
Terminal and ~Tnterfaces 

American brand pure tone audiometers, although produced In a variety 
of sizes and models by several major companies, have several common 
features. A representative audiometer panel was designed that Incorporates 
these common features. 

The audiometer panel Is mounted In a box similar to that of a stand- 
ard clinical American pure tone audiometer. Dial labeling, knob size, 
and so forth, represent the generally accepted practice In the field. The 
essential features and typical characteristics o< 3 standard pure tone 
American audiometer are Included with labeling Indicating International 
Standards Organization • 1964 calibration. The audiometer panel contains 
the standard audiometric elements of: 
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Activity 

1. Specification and location of 
typical audiograms 

2. Development of course 
objectives 

3. Design, production, testing 

of ATU by IBM, Federal Systems 
Division 

4. Learning of material and 
sequencing of objectives 

5. Design of ATU panel 

6. Preparation of Part I frames, 
analysis procedures, and 
remedial sequences 

7. Installation of 1500 System 

8. Trial computer programs for 
panel analysis 

9. ATU debugging and modification 

10. Coding, testing and 
revision of Part I 

11. Preparation of Part II frames 

12. Coding, testing and revision 
of Part II 

13. Design, coding, testing and 
revision of Part III 

14. Preliminary tests with 
subjects 

15. Program revision 

16. Final subject trials 

17. Data analysis and final 
report 



Time Devoted to Activity 
July 1967 - September 1967 
September 1967 •• November 1967 

September 1967 - April 1968 

October 1967 - February 1968 
October 1967 - November 1967 

November 1967 - May 1968 
December 1967 

January 1968 - April 1968 
April 1968 - July 1968 

April 1968 - December 1968 
March 19C8 - September 1968 

August 1968 - March 1969 

December 1968 - March 1969 

March 1969 - April 1969 
March 1968 - June 1969 
April 1969 - June 1969 

June 1969 - August 1969 



I 

Fig. 1. Chronolory of development and programing of simulated pure 
tone audiometer. 
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1. Frequency selector (octave frequencies and half-octave 
frequencies 125 through 8000 Hz, as on most audiometers) 

2. Hearing level dial (In five-decibel steps from minus ten 
through 110 decibels) 

3. Tone Interrupter switch 

4. Power on - off switch and light 

5. Masking sound level control 

6. Right earphone, left earphone, bone conduction output 
selector switch 

7. Patient signal light 

8. Operational switch for SISI test administration 

9. Operational switch for loudness balance testing 

10. Tone warble switch 

11. Tone normal on - normal off switch. 

Chanel 1 controls are grouped on the left hand side of the panel; 
chanel 2 controls are grouped on the right. 

A photograph of the completed panel Is provided In Figure 2. 

Engineering design, development and production of the simulated 
audiometer terminal, or Audiometer Trainer Unit (ATU), and Interfaces 
were done by the Federal Systems Division of IBM at Gaithersburg, 

Maryland, on a subcontract basis. The terminal was designed to Interface 
with a voice-grade telephone line to an IBM 1400 series computer system 
or directly with the IBM 1500 Instructional system. Photographs and 
specific design, development. Interface, and programing considerations 
are provided In the IBM publication Included as Appendix A of this report. 
An Instructional manual for the ATU by IBM Is Appendix B. 

The ATU was connected to the IBM 1500 Instructional System at Penn 
State on April 15, 1968. However, an additional modification had to be 
made to permit the timing of a "tone" given by a student. Consequently, 
the ATU was not fully operational until Jul.’, 1968, although It could 
be used to some extent for program development. 

A special device has been used as an Interface between the student 
and a computer by earlier Investigators to teach stenotypy (Uttal, 1962) 
and card punching and typewriting (Lewis and Pask, 1965;. However, these 
earlier applications required special computer equipment or hardware 
modifications and did not use verbal communication as a part of the 
Instructive process. For the present system, the audiometer trainer unit 
was designed to directly Interface with the 1500 system (described In 
Appendix A) and all Instructional capabilities of the 1500 system are 
utilized. 
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Photograph of completed audiometer panel. 
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The Coursewrlter II language was used for programing. Much of the 
program Input was done on-line to permit Immediate tryout of the entered 
material; card Input was used when possible. 

The terminal used for students, Illustrated In Figure 3, consists of 
an IBM 1510 keyboard and display screen with light pen, an IBM 1512 Image 
Projector, and the Audiometer Training Unit. Computer control can be 
activated for any of these elements, and Inputs can be made from the 1510 
or ATU. Output and source of Input Is under program control; an Input 
cannot be made from more than one unit at the same time. 

Development of Course 
Strategy and~rontent 

The threshold finding technique taught Is a modified method of 
limits, using a descending, an ascending, and another descending series 
of tone Intensity levels to cross auditory threshold again. Threshold 
Is defined as the lowest Intensity level (In db) at which at least two 
hearing responses are obtained. Decibel steps are 10 db Initially, and 
5 db when operating near the anticipated threshold. 

One of the final objectives of a basic course In audiometry Is for 
the student to be able to use specified techniques of threshold finding 
to obtain audiograms from subjects with a variety of hearing and response 
characteristics, and be able to be within + 5 db of the correct hearing 
level at each frequency. 

The Initial phase of this project consisted of analyzing the 
threshold finding task to determine the required skills and In what 
order they should occur. During all development phases, close coopera- 
tion with subject matter experts was maintained. From this analysis 
emerged a set of behavioral objectives that would form an Initial frame- 
work for course development. They ware placed In an Initial sequence, 
based on the task analysis, that provides a stepwise learning experience 
In which primary skills are learned first. As proficiency In primary 
skills Is developed, new skills are Integrated In a pyramidal fashion 
until all skills are brought together and the desired proficiency Is 
attained. 

These objectives are listed In their approximate sequence In Table 1. 
It can be seen that the sequence Is quite logical, and generally approxi- 
mates the sequence of learning provided In the classroom. However, In 
the classroom there Is little opportunity for guided practice at each 
stage. 

It was decided that the objectives be divided Into three basic units, 
as Indicated In Table 1. The first unit consists of familiarisation with 
the audiometer panel - how each switch and dial works and what It does. 

The second unit consists of Initial guided practice In threshold finding 
and specification of the specific techniques used. The third requires 
the student to work with little direction In finding thresholds (using 
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Fig. 3. Photograph of the terminal used for audiometry students. The imag< 
projector is at left, behind the student; the display screen at center shows the 
"patient" with his hand up (the inset shows the hand down position), and the ATU 
is at right. 




Table 1 









Sequence of Behavioral Objectives 



Unit 1 

The student will be able to: 

1. Turn on the audiometer 

2. Manipulate the tone switch In accordance with 
accepted procedure 

3. Manipulate the following and set them as directed: 

a. Channel 1 Output 

b. Channel 1 Hearing Level 

c. Channel 1 Frequency 

4. Set the following to their off positions and leave them 
off during basic audiometric testing: 

a. SISI 

b. Tone Warble 
c» Tone Norm 

do Channel 2 Output 

e. Channel 2 Hearing Level 

Unit 2 

The student will be able to: 

lo Recognize- correct placement of earphones on a patient 

2. Properly use the method of limits with minimal direc- 
tion for finding hearing thresholds. 

3. Determine the estimated threshold for each pass and 
specify the final obtained threshold for a frequency. 

4. Plot the obtained threshold on an audiogram form. 

5. Describe the elements of the threshold finding 
technique. 

Unit 3 



The student will be able to use the method of limits to obtain 
hearing thresholds without guidance. He will test frequencies 
In the appropriate order and perform all activities required 
in testing. 



the fading technique) and permits him to build proficiency In dealing 
with different types of threshold patterns. He Is provided with the 
opportunity to check his work (obtained audiogram) at once. 

Following the specification and sequencing of objectives , a program 
was written on paper that consisted of each display that would appear on 
the cathode ray tube; (CRT) or Image projector and the analysis of the 
logical responses that could be made, either correct or Incorrect, with 
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the results of each. This constituted a "dry run" program that could be 
reviewed, tested, and changed easily before actual computer program was 
Initiated. A portion of an early version of this program Is found In 
Appendix C. This type of program was very useful for Part 1, but less 
useful for Part 2, and of little use for Part 3, which Is highly un- 
structured. 

During this Initial programing phase, an analysis of the entry skills 
and abilities of probable students was made to determine whether Initial 
Instruction or review was appropriate to each objective. Beginning stu- 
dents In audiometry would have attended an Introductory lecture; for 
them most of the objectives would require original learning. However, a 
second source of students would be nurses who may or may not have had 
experience In audiometry. Consequently, an option to skip the Intro- 
ductory section was Included, but It required the demonstration of pro- 
ficiency In setting the panel before the skip could be completed. Failure 
on this pretest started the student at the beginning of the Instructional 
material . 

The written version of Unit 1 was tested with a limited number of 
students. As each frame (text display) was shown to the student, he 
responded verbally or on the ATU. The author simulated the computer by 
providing feedback and proper sequencing of frames based on the responses. 
This actually provided added data on student response characteristics, 
and allowed modification of the program prior to programing for the 
computer. The written version was useful for Unit 1 because this unit 
primarily consisted of Instructional frames with a variety of branching 
possibilities. Unit 2 was basically guided practice In giving audiograms, 
for which written simulation was of limited use. 

Although a textual representation of course material provides a 
framework which could greatly simplify the programing of ordinary Instruc- 
tional material, the use of the ATU required a much more complex program 
which required a great deal of programing time. Without the Initial text, 
however, the course development would have been more difficult. 

Problems Unique to 
This Program 

It was decided to maximize student use of the ATU during all phases 
of the program. In order to monitor student responses, It was necessary 
to "read" and evaluate the ATU each time the student responded. 

The ATU Input to the computer Is an eight bit word with each bit 
representing the setting of one switch or dial. An example of one 
word, with the meaning of each bit, Is given In Figure 4. The correct 
answer can be easily determined by comparing the Input with the correct 
word which was previously stored. However, It was considered Important 
to tell the student exactly where he made an error If the panel setting 
was wrong. To do this, the Input word h*d to be broken down Into eight 
parts and each part tested with a conversion table. For example, If the 
word In Figure 4 was the correct "answer" but the student response was 
1B510010, the computer would detect & mismatch of the whole word and then 
examine erch part to determine where the mismatch occurred. In this case. 
It would detect a match on the first bit but a mismatch on the second bit. 
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Input "word" - 1 A 5 



0 



0 



0 





V 



Tone Norm On/Off 
Switch Turned Off 



SISI Selector 
Set to Off 



Channel 1 Hearing*! 
Level Set to 40 dB 



Tone Warble 
Switch Turned Off 



Channel 1 Frequency 
Set to 1000 Hz 



Channel 2 Output 
Set on Off 



Channel 1 Output 
Set of Right Ear 



Channel 2 Output 
Set on Off 



Fig. 4. Interpretation of the Input to the computer from the ATU 



It would then enter a table specifically related to Channel 1 Hearing 
Level and look for a match for the Input value (In this case, the B). 

When It found the match, It would store the associated value (45) In a 
location where It would later be used In a message to the student. The 
program would then test the remaining bits and find a match for each one. 
After the completion of the tests, a message to the student directing a 
correction In Channel 1 Hearing Level would be displayed. This process 
was repeated for each Input through the ATU. 

A second programing requirement was to time the duration of each 
tone given by the student with the audiometer. The tone switch (or Inter- 
rupter switch) transmits the word describing the panel each time It Is 
depressed and again when It Is released. The real time In seconds between 
depression and release Is measured with a complex process that minimizes 
the effect of activity at Instructional terminals other than the ATU. 

The time measurement Is displayed for the student and evaluated as part 
of the Instruction to him regarding audiometric technique. 

The complexity and anticipated length of the program caused program 
efficiency and brevity to be major factors In program development. 

Because of the newness of the IBM 1500 system and Coursewrlter 11, It 
required many months before enough was known to Insure an optimally ef- 
ficient routine; many versions of critical sequences were coded and tested 
before they ran with adequate speed. This activity was Important to 
Insure rapid feedback to the student. For example, much of Unit 2 con- 
sists of leading the student through threshold finding procedures. To 
make this experience as realistic as possible, a "patient" Is displayed 
on the terminal display screen (see the display screen contents In 
Figure 3). When the student gives a correct tone that the "patient" can 
hear, the "patient's" hand Is raised. When the tone stops (release of 
tone switch), the hand Is lowered. 

The "patient" was displayed using normal "dtl" Instructions and a 
graphics dictionary developed by the CAI Laboratory (see Peloquln, 1968, 
for further Information on the graphics dictionary), rather than using a 
graphic set. This was done to allow greater flexibility In the placement 
of the display on the screen, to allow modifications If they were later 
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needed, and to minimize the requirements for dictionary storage space. 
Subsequently, the Instructions wore written In MACRO form to allow the 
placement of the "patient" anywhere on the display screen. 

It was essential that the "patient's" hand be raised within one 
second of the depression of the tone switch to simulate a realistic 
patient. However, during ch Is Interval the panel had tj be checked for 
correctness and the timing process started before the hand could be 
raised on the screen. Initially, this process was much slower than 
acceptable, and It took three months, many revisions of the program, 
and an Investigation of alternatives to the raised hand to find a solu- 
tion that was acceptable. A further discussion of this problem Is pro- 
vided In Appendix E. 

It was decided to write the patient's hand and time sections as sub- 
routines because these same coding sequences were used by more than one 
hundred frames. The length of coding of these sequences, If repeated 
over 100 times, would be excessive. It was determined that by proper 
placement In the sequence of frames, accessing time could be minimized 
and much space on the disk storage would be saved. 

The complex coding to measure the duration of time between tone 
switch depression and release was necessitated by the fact that fifteen 
Instructional terminals are attached to the computer on a time sharing 
basis. Each terminal Is polled in turn to determine If processing Is 
required. If It Is, processing continues until the program reaches an 
Instruction (an ep) to look for a new response from that terminal, until 
a specified number of Instructions have been processed, or until processing 
Is Interrupted by a job with a higher priority. At this point, processing 
of the next terminal requiring attention Is Initiated. Because of computer 
cueing, the time being measured between two responses might be Interrupted 
by the processing of Information from other terminals. To overcome this 
It was necessary to read the computer's Internal clock before each request 
(ep), time the latency of each response, and then calculate the actual 
duration from these four measures. 

The obtained time Is tested against the accepted limits for tone 
duration (2 to 4 seconds); If It Is within the correct range, the time 
Is displayed to the student. If It Is Incorrect, a counter Is Incremented 
to store th'7 error and the time Is displayed with a message Indicating 
whether It was too short or too long as well as a statement of the ac- 
ceptable length. 

The most difficult problem faced was the efficient analysis of 
the eight bit Input word from the ATU. Because It was Instructlonally 
desirable to minimize the time between response and feedback, the Ini- 
tially obtained processing times of four or more seconds were unacceptable. 
As with the raising of the hand, a variety of programing techniques were 
attempted before an acceptable one was found. 

The resulting method uses a drop through procedure. The Input word 
Is first tested for correctness. If correct, feedback Is provided and 
the next frame In the sequence Is presented. If Incorrect, the bits In 
the word are sequentially tested. If a bit Is correct, the program drops 
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through to test the next bit. If Incorrect, the bit Is used to enter a 
table to determine what position on the dial or switch It represents. 

This position Is stored for later use and the program goes on to look at 
the next bit. The program looks at each bit In this way until It reaches 
the end of the word, at which point a message Is displayed that points 
out each of the errors made, states what should be done, and requests the 
student to try again. 

This process was simplified somewhat when it was decided to group 
four of the bits, representing little-used functions, Into one unit for 
analysis. Other shortcut*-, were taken where It was pedagoglcally feasible. 

The Program of Instruction 

The table of objectives (Table 1) provides a general overview of the 
program. A complete outline Is provided In Appendix F. Based cn exten- 
sive classroom experience with students In audiology, it was decided to 
use a maximum of practical "hands-on" experience with the Audiometer 
Trainer. This decision Is consistent with the view of experts In programed 
Instruction that each frame should be objective-oriented and that unneces- 
sary enrichment will tend to confuse the student and Inhibit progress 
toward the objective. 

The plan of the course consists of a main-line sequence of frames 
with remedial branches from each frame contingent upon the student's 
response. Extensive student control of the program Is provided through 
giving the student the option of review or repetition of material at 
several points and through permitting him to skip sections If he desires. 

If he skips a section ur.wlsely, however, the remedial branching capability 
will provide him the opportunity to review what he miss'd. At the end of 
major Instructional units, the student's performance for that unit Is 
displayed and recommendations are made concerning his continuation (e.g., 
go on, review, or go through the section again.) However, the continua- 
tion option Is left to the student. 

Unit l 

It was determined that all familiarization with audiometer panels 
and learning of threshold-finding techniques should be done with tne ATU, 
although for speech and hearing students It would be preceded by one 
lecture concerning the topic. Unit 1 provides familiarization with the 
functions of each of the elements of the ATU panel and provides graded 
experience In the use of the coctnonly used ones. 

The student Initially learns how to turn on the panel power switch 
and how to use the tone switch. The concept of giving a tone for a 
specific duration Is Introduced during the use of the tone switch, and 
the tone duration Is timed and displayed to the student after each tone 
Input. Practice In giving tones for the correct duration Is provided at 
the student's option after Initial familiarization. 

The operation of switches and dials Is Introduced one by one In 
order of Importance. Practice with each one Is provided before the 
Introduction of the next, then practice with all those learned is given. 
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Finally, the student Is given Instructions to set the panel In different 
ways using all the elements of the panel. After successful completion he 
goes on to Unit 2, or he may select added review or practice. 

Instruction Is provided primarily by the display screen; Instructions 
are given concerning where to find and set the panel elements. However, 
after one unsuccessful solution of a problem, a slide (frame of film on the 
Image projector) Is displayed showing the panel and the way It should be 
set. Although It would have been feasible to Introduce each panel 
element with a picture. It was decided that subjects would gain better 
familiarity with the panel If they had to look for each element. 

After learning the elements of the ATU panel, the subject Is given 
the opportunity to use a standard portable audiometer (also available at 
the terminal station) In order to hear for himself what the different 
switches do and how the tones sound. 

U ni t 2 

Unit 2 consists of training In the threshold finding technique. It 
Is Introduced by a review of the placement of earphones, with slides used 
to demonstrate correct and Incorrect placement. A glossary car then be 
accessed by students who may want to review vocabulary words used In 
audiometry. The student Is Introduced to the method for determining the 
Initial hearing level of a test, and Is then directed through a test 
procedure for all frequencies of the right ear (In which a variety of 
thresholds and patient responses are represented). During this series 
the student Interacts with the "patient" on the display screen which 
raises Its hand If the tone Is above the programed threshold. The stu- 
dent Is directed to give a specific hearing level each time; a running 
account of the levels tested and the response Is provided on the display 
screen, and at approrplate points the student determines the estimated 
or final threshold. All panel elements are monitored so that If the 
student makes an error he receives a message telling him what he should 
have done and giving him the opportunity to repeat the tone correctly. 

Toward the end of the testing of the right ear, the student Is 
successively asked to guess what next hearing level for a frequency 
should be given, and finally he types each hearing level value before he 
gives the tone. In this wav, he gains familiarity with the process 
being used before he actually has to reproduce It on his own. 

After each frequency threshold Is obtained, the student uses the 
light pen to mark his obtained threshold on an audiogram form displayed 
on the display screen. After plotting the point on the screen, he marks 
It on a standard audiogram form. Thus, he completes the form as he would 
during the normal testing of a patient. 

Following the test of the right ear, the student's performance Is 
displayed and options for review or further practice are provided. This 
Is followed by a review of the techniques used. In the review the stu- 
dent specifies the specific step-by-step procedure he used, Indicating 
his responses on the keyboard. In this way, specific knowledge of the 
steps can be assessed and misconceptions corrected before the student 
progresses to Unit 3, 




Unit 3 



In this unit the student Is Introduced to the need for a limited 
Interval between tones- He Is then allowed to test the left ear of the 
"subject" with a minimum of direction* using the procedures learned In 
Unit 2. Thresholds are programed for each pass (ascending and descending) 
within each frequency, and these thresholds usually differ slightly 
within each frequency so that a third pass will usually be needed. 

Further audiometric patterns are used In this test, which simulates more 
closely the testing of a live patient. If the student desires, he may 
obtain Information on the duration of his tones and pauses. 

After completing the test of the left ear, the student enters his 
obtained thresholds via the keyboard, to compare his audiogram with the 
correct one. 

This unit was Initially used to determine how well students learnud 
from the first two units. It was found that some additional feedback 

capability was needed, especially for a frequency that has a threshold 

significantly higher than the preceding ones, and a review option was 
thought to be necessary. As Indicated In the following section, students 
were generally successful In finding the correct thresholds, but observe* 
tlon of their behavior revealed that some correction of their technique 
was occasionally needed, and they vsre occasionally unsure of their 
procedure. 

The feedback consisted of messages displayed on the screen following 
an error. These messages described the error and stated the procedure 

that should be used. The review option consisted of a short descriptive 

paragraph dealing with the different aspects of threshold finding. This 
option could be accessed at any time during testing, and allowed the 
student to branch back to the sumnary program In Unit 2 If he desired. 

Examples of the programing of the preceding units ire provided In 
Appendix D. 

Method of Evaluation 

For the most part, each subject using the audiometer provided 
Information on how well the program taught, and data for further modlflca* 
tlons of the program. Thus, continual minor changes were made In the 
program during subject trials. (This Is a unique feature of computer 
assisted Instruction, and one which was necessarily exploited). Most 
changes consisted of changing the wording In some textual passages to 
Improve clarity, adding opportunities for review of material, and cor- 
recting errors In coding. 

One member of the project staff sat with every subject during the 
tryouts to observe, but he could provide assistance If absolutely neces- 
sary. This was considered desirable because of the added Information and 
Insight that can be gained from consents by the student during the course 
and from observing the student's actions. It also facilitated rapid 
course modifications. Although the student records that can be retrieved 
from CA1 are exceptionally complete, It required about a week to obtain 
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them and they do not show the reason for an error being made by a 
student. During course development, It Is the reason for making an 
error that Is most useful In making corrections. Thus, It Is most 
efficient to ask the student why he entered an Incorrect answer at the 
time the error was made. 

All subjects were taught at the Computer Assisted Instruction Labora- 
tory at The Pennsylvania State University. They were all volunteers and 
were not paid. In most cases It was possible for them to finish In one 
session. Most subjects were run while few others were signed on the 
system. This was done by utilizing evenings and weekends. 

The relevant characteristics of all subjects are given In TabU 2 . 
Students enrolled In the course "Introduction to Audiology" (XI through 
X7) were used for the Initial course tryouts. Those students hed had 
Introductory lectures on audiometric testing and had used a portable 
audiometer to test a few friends with normal hearing. One subject with 
no audlologlcal background but with experience In writing CAI programs 
and two nurses with little audlologlcal knowledge also participated In 
the Initial tryouts In order to evaluate the program with subjects who 
had not used an audiometer. 

Subjects with a variety of backgrounds were used for the final try- 
outs. It would have been desirable to use students In the Introductory 
course, but It was not offered during that term. Consequently, It was 
decided to obtain subjects with varying backgrounds to provide as 
complete a test of the course as possible. Seventeen additional subjects 
were obtained. Of these, three were not able to complete the course due 
to technical and rescheduling difficulties. Of those who finished, four 
had completed an Introductory course In audiology, three had mo.’e exten- 
sive practice with audiometry, two had very brief exposure to audiometry, 
and five had no experience. 



RESULTS 



Statistical Results 

A summary of student performance on the program Is given In Table 3. 
The mean time to complete the program was 131.9 minutes, the median was 
133.7 minutes, and the spread was from 84 minutes to 195 minutes. Unit 1 
required an average of 36 minutes, Unit 2 took 66 minutes, and Unit 3 
took 30 minutes. 

Latency data were obtained for each student. Latency Is the time 
It takes a student to make a response to a computer output. These data 
were obtained for all entries which required a meaningful response; 
latencies for page turning responses and Internal adjusting responses 
following errors were not recorded. An analysis of Individual student 
records Indicated that the latency of a response was almost always shorter 
than the actual time between the previous response and the one analyzed. 
This difference was due to processing time, and was of the order of 1/2 
to 1 second In most cases. The total latencies for the subjects were not 
correlated with the total completion times, however, possibly because of 
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Table 2 

Characteristics and Relevant Background of Students 
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Table 3 



Summary of the Total Time for the Course , Time for Unit 3» 
Ranking of Students on Time, and 
Number of Visits Needed to Complete the Program 





Total 






No. of 


Student 


Program 




Time for 


Times 


Number 


Time (min.) 


Rank 


Unit 3 


On Line 


XI 


90 


2 


Incomplete 


1 


X2 


138 


14 


52 


1 


X3 


148, 


18 


34 


1 


X4 


105 1 


4 


No Record 


1 


XS 


106 


5 


24 


1 


X6 


142 


16 


30 


1 


X7 


120 


8.5 


21 


1 


X8 


133 


12 


40 


3 


X9 


134 


13 


20 


1 


X10 


170 


23 


38 


1 


Xll 
XI 2 


Incomplete 


15 


23 


1 

1 


X13 


125] 


10.5 


22 


1 


X14 


155 


20 


19 


1 


XI 5 


120 1 


8.5 


21 


2 


X16 


110 


6 


17 


1 


Xl 7 


84 


1 


17 


1 


X18 


160, 


21.5 


42 


2 


X19 


95 


3 


16 


1 


X20 


125 1 


10.5 


39 


1 


X21 


150] 


19 


38 


1 


X22 


195 1 


24 


64 


2 


X23 

X24 


Incomplete 


21.5 


No Record 


2 

1 


X25 


115^ 


7 


28 


1 


X26 


Incomplete 






1 


V7 


1451 


17 


32 


1 


Totals 


3156 




635 




Heart 


131.9 




30.2 





1 



Timed by observer 
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differences In reading rates. In break periods (which were not recorded) 
and In review options selected. Due to these difficulties, latency 
measures were not Included In the performance summary. 

The ranking Indicates that there Is little relationship between 
the student's position In the sequence and the time he took for task 
completion. The other differences that may contribute to these 
differences are discussed below. 

Most of the subjects were able to complete the program In one ses- 
slon. System difficulties or time limitations were the cause of two or 
more visits. Two subjects who were not able to finish In one session 
were not able to return. One attempted to take the program during the 
work day but did not finish when little progress was made due to usage 
of the system by other authors. This problem is discussed further in 
Appendix E. 

Table 4 is a suomary of student performance on Units I and 2. The 
enter and process (ep) Instruction tells the computer to wait for an 
Input from the student. The number of ep's given In Table 4 does not 
Include page turns, corrective responses, tone duration practice, or 
tone releases. Unit 3 was omitted from this tally because the free 
response capability did not allow a test for correctness for every 
response. 

The attempt ratio (AR), calculated by the formula TOO x ^S ! fig| r * -- P— s -» 
is analogous to an error rate, but attempts may Include typing ep 5 
errors, poor aiming of the light pen, program and system errors, and 
other mistakes that are not due to misunderstanding of concepts. These 
errors that are not related to learning may comprise ten to fifty percent 
of the wrong entries made, depending upon the care with which the student 
works and upon the condition of the program. Due to the Continuing 
Improvements being made In the program and to a minor but hard-to-flnd 
defect In the ATU Itself, system errors made more than a minor contribu- 
tion to the attempt ratio. Thus, the obtained ratios are an overestimate 
of the actual errors made by the student. That these system errors were 
reduced through successive Improvements In the software and hardware Is 
Indicated by the decreasing trend In AR toward the last of the subjects. 

In a program of this type, It might be expected that there would 
be a positive relationship between the t<me required to complete the 
course and U* number of errors made, from an Inspection of the rankings, 
this correlation Is not evident, although any lelatlonshlp may be masked 
by differential numbers of system errors. 

For the purposes of this course. Unit 3 (left ear threshold) served 
as a criterion test. During subject trials, this unit was Improved 
more than the others In response to the needs of the students. In order 
to challenge thi students, this ear was quite different from the right 
ear they had tested In Unit 2. An audiogram with an abrupt drop 
(Figure $), In which the thresholds at 4000 Hi and 8000 Hi were signifi- 
cantly higher than at the lower frequencies, was used. 



The number of tones given to obtain the coc^lete left ear audiogram 
varied from 95 to 207, with a mean of 130 and a mode of 134. An analysis 
of the subjects 1 performance In finding thresholds Is In Table 5. The 
acceptability of an audiogram was determined by the nature of the errors. 
Current audiometric practice considers deviations of 5 db from the true 
thresholds as acceptable and allows one deviation of 10 db. Using these 
:r1ter1a, 16 of the students (70X) produced acceptable audiograms. 

Although seven subjects obtained unacceptable audiograms overall, 
flvo of these showed Improvement with practice, (as did nearly all 
subjects). / Ttie sequence of frequencies tested was 1000 Hz, 2000 Hz, 

4000 Hz, 6000 Hz, 500 Hz, 250 Hz, and 125 Hz; the trend toward Improve- 
ment Is obvious.] The strong performance on 0000 Hz was surprising but 
only one threshold value of 75 db was used for all passes across thresh- 
old, and the subjects were given hints and encouragement by the staff 
observer prior to the addition of the hint capability to the program. 

The ranking of subjects on the basis of deviation from correct 
thresholds does not correspond to a large degree with the other rankings 
obtained. Apparently the time to complete the program or the attempt 
rate are not related to the performance In finding thresholds. It Is 
also Interesting to note that although there was no trend toward Improve- 
ment In rankings with an Increase In subject number, there was only one 
unacceptable audiogram among the last twelve students'Who completed the 
program. Because this group of subjects comprised a good mixture of 
backgrounds, the Indication Is that the effectiveness of the program was 
Improved by the modifications. 

Table 6 provides data on subjects regarding previous background In 
audiology. An Interesting finding Is that 83 percent of subjects with 
no previous audiometric testing background (excluding nurses) produced 
acceptable audiograms while only 67 percent of those with a background 
In audiology did so. The majority of those with an SPA background who 
obtained unacceptable results were those taking the course at the time; 
they may have experienced Interference from their partially-learned 
class work. 

Table 6 also explores the relationships between the major performance 
measures of tatal time and number of attempts for the course and 
acceptability of audiograms and other possibly relevant characteristics 
of the subjects, such as age, sex, and experience with CAI. Although the 
number of subjects Is too small to draw firm conclusions, the most Inter- 
esting finding was that the nurses, as a group, did poorly on the dimen- 
sions of time and attempt rate, although they performed adequately on the 
criterion audiogram. This may be due to the fact that most of the nurses 
approached the task more cautiously than the other subjects and may, In 
fact, have had a less relevant background for the mechanical task than 
those In the "no experience" group. 

As expected, all those experienced with CAI finished In the upper 
half of the group with respect to time because they did not need time 
to become accustomed to the system. 

Ho other systematic differences emerged from this analysis. 
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Figure 5. The audlograra for the right ear (Unit 2) and the left 
ear (Unit 3) of the patient tested by the subjects. (The thresholds 
for the right ear are Indicated by circles , the left ear by crosses). 
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Observation and Interview Results 

After completion of the program, each student was asked to discuss 
his attitudes and opinions of the course and of CAI as a method of 
learning. An Initial questionnaire consisting of seven questions was 
used as a basic framework for the discussion, but the subject was 
encouraged to add anything he wished. The list was later expanded to 
eleven questions to evaluate added capabilities. The final list of 
questions Is In Appendix G. Questions appropriate to each subject were 
selected from the list. 

The results of the postprogram discussion are given In Table 7. 

Almost all subjects liked the CAI method of learning. One dissenter 
thought It was too mechanical, one preferred to learn by listening. 

Most students (80 percent) preferred practice with the CAI "patient 5 ' to 
practice with live patients for the early stages of training. Those who 
had worked with live patients pointed out that there are other cues that 
can be used with people, such as facial expressions, spoken responses, 
and attentlonal cues which could not be simulated, but most stated that 
the man on the display screen was a good approximation of a live patient; 
he responded about the same. Almost all students recommended practice 
with live subjects at some point In training; this Is assumed to be a 
necessity for a full course of Instruction. 

Other questions dealt with specific characteristics of the program 
and equipment. Most students thought the program was not too difficult. 
Some complained that terms were used which they did not understand; this 
led to the addition of an optional vocabulary review. Those students 
who experienced difficulty provided Information for course revisions 
and the addition of more review options. They generally liked the 
variety of thresholds and the ATU panel. 

To check the accuracy of the course, students with prior audiometric 
training were asked If the program taught anything Incorrectly. All 
agreed that nothing erroneous was taught, although some said the procedure 
was different from what they had learned and experienced difficulty 
following the prescribed technique during the criterion testing. Some .. 
students-ln- training found that they had vor gotten or had not learned 
some of the details of the threshold finding technique In class. 

Perhaps the most Interesting result concerned the speed of the pro- 
gram. Although It was self-paced, 25 percent of the students said the 
course was too fast, 10 percent thought It too slow. Some of those who 
felt It was too fast specifically referred to Unit 3 In which students 
were urged to test at a normal testing rate. If a student took too 
long between entries, a message appeared asking If he was finished. This 
was perceived by some students as pushing them to perform faster than 
they wanted. In addition, at other points In the program, messages urging 
a student to respond could appear if excess time was taken (the "time cut" 
was about twice the average time to answer a question). One student who 
complained of slowness was on line while other course authors were on 
line. The resulting degradation of the system did, In fact, cause the 
program to run slowly. This most seriously effected the speed of the 
"patient's" response, a problem that was minimized by operating at times 
others were not on the system. 
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Students enrolled In the audiology course were asked to compare the 
CAI method with their class experience. Most thought It was good review 
and liked the feedback provided by CAI. Two said they learned more In 
the CAI course, one thought It was harder. One student pointed to the 
flexibility of review and the possibility of playing games to see what 
would happen without disturbing a live patient. Another student observed 
that It made her learn the material. 

During audiometric testing both the tone duration and the pause 
duration are supposed to be within a limited range (2 to 4 seconds). 

After the first test trials, feedback concerning the pause duration was 
added to Unit 3 (tone duration was already being displayed). Although 
some students liked this Information, others were distracted by It, so 
Its availability was made optional. The majority of students preferred 
to work without the pause Information although observation Indicated that 
they tended to make the pauses too short. 

Many students took advantage of the reviews and other help provided 
In the course. At least three used the review feature of Unit 2» and at 
least five selected the option to go through portions of the programed 
summary more than once. After the review option was added to Unit 3, 
about one third of the students used it to mtke sure they were doing the 
right thing or to check on specific procedures before they started. 

Almost all students, and all those with no experience, used the vocabulary 
review option after It was made available In Unit 2. Many students also 
used the option In Unit 1 to practice giving tones of correct duration. 

Six students attempted the pretest which would allow them to skip 
the Introductory part of the course. Five passed It and skipped ahead; 
one failed. One who passed was the first subject tested, XI, who did 
not complete Unit 3 because of technical difficulties. The other four 
required an average of 101 minutes to complete the course, which Is 
markedly below the all-student average of 132 minutes. 

Most students with no audiometric experience used the portable 
audiometer to find out what the tones were like. They had little trouble 
using It and were able to make use of their learning of the ATU panel for 
the smaller device. These students generally felt that experience with 
the real Instrument was useful and made the learning more meaningful. 

Students generally had little difficulty using the CAI terminal 
equipment. An Introduction to the terminal, which was the first part of 
Unit 1, was successful In teaching how to make responses with the key- 
board and light pen and how to change keyboard responses. Some students 
had a little difficulty learning how to respond due to the Initial 
strangeness of the process, but these problems were worked out during 
the Introduction. The light pen was usually easy to use except for the 
audiogram which was placed on the display screen. Fine discriminations 
with the light pen were needed to Indicate the placement of the obtained 
threshold points on the audiogram; a few subjects had difficulty aiming 
the light pen properly, but all ultimately succeeded. Helpful messages 
were displayed when this difficulty was encountered. 
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Students were not usually disturbed by the occasional system errors 
which occurred such as errors In timing of the tone duration, program 
errors, or erroneous feedback resulting from hardware difficulties with 
the tone switch. However, the reasons for errors were explained to the 
students when they did occur, and the number of errors was Improved 
from about three percent of responses at the start of trials to about 
zero percent at the end. Errors mostly occurred when others were on the 
system, especially when authors were working on line. In two cases It 
was necessary to pause In the program until others were finished, and 
one student vho could only work during office hours could not complete 
the program due to system usage by others. A more complete discussion 
of these difficulties Is given In the conclusions and In Appendix E. 



The best evaluation of what was learned from the program can be 
gained from looking at the specific procedures used by students to obtain 
the thresholds In Unit 3. These were obtained from the students' records. 
Representative samples are provided In Appendix H. 

A review of the procedures used found that although no student used 
the correct procedure for all thresholds, most used a method that w&s 
basically correct for most of the thresholds. The most difficulty was 
experienced with the 4000 Hz and 8000 Hz frequencies which differed from 
previous experience In that the thresholds were significantly higher than 
previous frequencies. Most errors consisted of not completing a third, 
descending pass across threshold when the need for one was Indicated. 
Other errors Included testing at one db level more than once successively, 
starting a descending pass by using the wrong db Increment and not 
adequately completing a pass across threshold. However, these errors 
still allowed an estimate of threshold that was close to the correct one. 
The use of review and the error messages, which were added for the last 
six subjects, resulted In an Improvement In the methods used. 

A comparison of the techniques used with the errors made Indicates 
that for most of the gross errors (more than 10 db), thz correct Informa- 
tion was available. It may be that In some cases the error was made In 
marking the audiogram form Itself, or due to a faulty memory. This type 
of error should decrease with practice. 

The sequence In which the frequencies were tested was generally 
correct, although two students omitted one frequency, one testeo the 
higher frequencies In the wrong sequence, and one tested two frequencies 
twice. 



CONCLUSIONS 

Based on the results, the audiology program generally succeeded In 
bringing students to the stated criterion behavior of using the method 
of limits to find hearing thresholds. It Is significant that the same 
level of proficiency was reached by students with such a wide variety 
of backgrounds and experience and that there was little systematic 
difference In time taken or attempt rate between those who had experi- 
ence In audiometry and those who had none. These results may be 
primarily attributed to the capability of CAI for self-pacing, feed- 
back, branching, and student-selected review or repetition. The use 



of self pacing was certainly shown by the variation In times to complete 
the program. Slow readers or those Initially unfamiliar with audiometry 
could take their time and be sure they understood each frame, while 
those who were experienced In audiometry or who could work quickly were 
able to speed through the program at a rate they found most comfortable. 
However, the Inherent time lags In Units 2 and 3 slowed down those 
students with prior audiometric experience who tended to test a subject 
too rapidly and made them aware of their tendency to work too quickly. 

Feedback, about which most students made favorable comments, can 
be a very powerful capability of CAI and was apparently used effectively 
In this program. Unique uses of feedback Included telling the student 
which switch on the ATU was set wrong and how It was set, the duration 
of tones and pauses, and unH summaries of the types of errors made 
. with the ATU. Students were almost always required to make a correct 
response before they were allowed to continue with the program. A 
variety of messages were provided for each response opportunity so that 
a message appropriate to each specific error could be displayed. In 
this, way the course was tailored to each individual. For this reason, 
also, the size of step could be made larger than In a comparable 
linear program, with the consequence of a higher error rate. That stu- 
dents with high attempt rates performed well on the criterion audiogram 
attests to the fact that thle method produces effective learning. 

Feedback telling the duration of each tone was appreciated by 
almost all students. Those taking the course In audiometry remarked 
that It was the first time they knew how long their tones were, and to 
some of them It was a surprise. However, one or two experienced audio- 
logists complained that the computer generated times were Incorrect, 
although most durations were accurate to one third of a second. 
Occasional errors In timing did occur which may have lessened confidence 
in this feedback; this problem is discussed in Appendix E. 

Oue to the nature of the material and the large step size, true 
branching within the course usually occurred under student direction, 
for example, the pretest option and the review, practice, or repetition 
options were true branches. Recommendations for review were made If a 
student's performance was less than a specified minimum, but the final 
choice lay with the student. Students did use these choices wisely, 
however, as Indicated by the number that selected more work on a topic. 
If they were confused or felt that they had not learned adequately, 
they selected appropriate reviews. This Implies that students can be 
trusted to make effective learning decisions during a course, and they - 
seem to appreciate bfJng able to choose. It may give them a feeling 
of control over the course rather than a feeling that they are stuck 
In a mechanical sequence about which they can do nothing. This feeling 
of control may have contributed greatly to the favorable attitude 
expressed toward the course. 

The favorable attitude and the rapid pace of the course may 
explain the students' ability to work continuously for over two hours, 
even though rest periods could be selected at the end of each unit. 

Some students were continuously absorbed with the task and did not 
stop until they were finished. Tnose who required much more than two 
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hours tended to tire somewhat; the older women tended to become 
fatigued after two hours . It was found that students who left the 
program In the middle and returned after one or more days had little 
difficulty continuing* Thus, In operational use It Is suggested that 
students work In Increments of not more than two hours. 

It was decided that about two hours was all that could reasonably 
be asked of unpaid volunteers and that adequate Information on course 
effectiveness could be gained from the left ear audiogram (Unit 3). The 
full course consists of nine more full (both ear) audiograms, but more 
can be generated easily by making a small number of changes In a deck of 
punched cards. Based on the obtained times for Unit 3, It Is anticipated 
that additional simulated audiograms would require a little less than 
an hour each, although this time should decrease with practice. These 
times compare favorably with the reported time of one hour to test a 
live subject. The added audiograms contain different patterns of 
hearing loss (flat, marked downward slope, trough, etc.) as well as 
special deviations from the patterns (abrupt drop, notch, etc.) which 
have been drawn from actual clinical records. Included within the 
simulated audiograms are such transient auditory phenomena as temporary 
threshold shift, loss of attention, and patient fatigue. With these 
the student would receive a thorough Introduction to the various kinds 
of hearing difficulties he might encounter In basic audiomctrlc testing 
and would be much better prepared for them than If he had tested only 
normal subjects. The need for practice In transient auditory phenomena 
was vividly Illustrated by those students In audiology who had a great 
deal of difficulty finding the left ear thresholds for 4000 Hz and 8000 
Hz. They had never encountered such a situation and did not know how 
to proceed. 

The difficulty experienced by students with the first few frequencies 
of Unit 3, and their subsequent Improvement, highlighted the nezd for 
extensive practice In audiometry,, Although the required skills of using 
a specific procedure to change db level, timing of the tone duration, 
and remembering obtained estimates of threshold seem fairly simple 
Individually, students had difficulty Integrating tnem as a unit, even 
after extensive practice with the mechanical skills. They frequently 
complained that they couldn't remember the obtained thresholds of a 
frequency. Some students even wrote down the results of each hearing 
level as they tested. It was necessary for them 1;o experience a "real" 
testing environment and work with It In order to develop the required 
unified skills needed by a good audlomctrlclan. This experience can be 
gained much better In a CAI environment that can provide feedback, or 
can give assistance If requested, than by a live subject who may become 
Impatient to do other things and can give no help concerning the accuracy 
of the procedures Involved. When the student has completed his 
training with CAI he Is fully prepared to learn the subtleties of 
working with live patients and need not be concerned with the fundamental 
techniques of testing. 

Simultaneous usage of the computer by students working on other 
courses usually made little Impact on the audiometry program, but use 
of other terminals by authors Inputting, revising, or testing material 
usually slowed the response of the displayed "patient", sometimes so 
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severely that a student would be finished giving the tone before the 
"patient's" hariu was raised,, The amount of system degradation depended 
upon the number of authors working and the type of work they were doing. 
One author who was only executing material slowed the system occasionally; 
this could usually be tolerated and a few students ran under this condi- 
tion. Two students attempted to work during heavy system usage; one 
could not complete the program, the other finished during a less busy 
time. 



As a test of Interference, two staff members operated the audiometry 
program simultaneously as students, one using the ATU and the other using 
a typewriter to simulate the ATU. Little Interference resulted from this 
test, even when the two "students' 1 were working at different points In 
the program. 

Program Interference due to system usage Is not usually a problem 
with courses, but due to the need for rapid response time for effective 
simulation, system degrading *s an Important factor In the audiometry 
course. Thus, It v;111 be mosv effective when no others are using the 
computer, and can be operated successfully when other students are taking 
a course that involves relatively simple operations. 

The 1500 System instructional terminal proved to be an effective 
medium for Instruction, The display screen, which was used for most of 
the communication, was generally adequate although some students com- 
plained of flickering and some suffered eye fatigue from the quality of 
the light. The size of the screen restricted the amount of text that 
could be displayed at one time, and limited the types and extent of feed- 
back messages. However, this limitation has the advantage of minimizing 
the amount of text that can be presented to a student at one time and 
promotes economical use of verbal messages. 

The Image projector provided the capability for showing photographs 
of the ATU on will ch specific settings could bo shown and highlighted to 
be used as remedial or corrective material, photographs of a "patient" 
with earphones placed correctly and Incorrectly, full color reproductions 
of the audiogram forms for comparison and for text to be used as a 
reference or a message while other material was displayed on the CRT. 

The projector was In general, satisfactory, although It was found that 
the Initial exposure of film was critical and difficulties were encoun- 
tered with the reproduction of the film (discussed In Appendix E). Film 
Is very useful when photographs or diagrams are needed for the Instruc- 
tion or when some reference Is to be used for more than one display. 
HoweMr, these could also be placed In a loose-leaf booklet, although 
directions to the page would be required. The major disadvantage of 
film Is the need to completely rephotograph all Images If one change Is 
to be made. Thus, It may be preferable to use loose-leaf booklets for 
Initial tryouts of Images and make the film only when all Images are 
finalized. It was also found useful to make multiple exposures of each 
image to Insure at least one good frame of each. Because of some Initial 
difficulty with the camera used to photograph the Images, this precaution 
proved a valuable one. 
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Coursewrlter II generally was able to meet the demands made upon It, 
but some of the Instructions were found to interfere with the timing 
process used and, at times, the limited logical capabilities required 
that complex coding be used to perform a simple logical branch. A 
discussion of programing with Coursewrlter II Is given In Appendix E. 

RECOMMENDATIONS 

Although the audiometry program and the Audiometer Trainer Unit 
works well, some modifications to the ATU that would simplify the program 
coding and produce a more efficient and faster course, have been found 
to be desirable. Some kind of signal that differentiates between depres- 
sion and release of the tone switch Is needed to Insure that the computer 
stays In phase with the student (due to the freedom given the student 
In Unit 3, It Is possible for the student to work so fast that a depres- 
sion of the tone switch Is treated as a release - the computer gets out 
of phase). The most needed modification Is a timing mechanism built 
Into the ATU to measure the duration of the tone switch depressions. 

This would allow completely accurate timing that Is not subject to Inter- 
ference by other computer users. This time could be transmitted to the 
computer upon release of the tone switch. 

A recommended addition to the course, which was commented upon by 
some students# Is the use of audio messages. The IBM 1506 audio units 
furnish a random-access audio playback capability. These units were 
Installed near the end of the project and could be used to play the 
tones given by a student, to give examples of other audiometer outputs 
(SISI, tone warble, etc.), and to direct audiometer operations which 
wouldallow the student to pay full attention to the audiometer and 
relieve him from the process of reading and then operating. The addition 
of audio messages would require some course revision, but the Improvement 
In the course would be worth the effort. 

With the development of the ATU and the success of the basic audio- 
metry program, It would now be feasible to extend the program to Include 
more advanced audiometric techniques such as the SISI test, the loudness 
balance test, the use of masking and the use of tone warble. However, 
some further modifications of the ATU may be necessary. A treatment of 
various pathological conditions could be Integrated with further practice 
in audiometry to provide added experience In dealing with "patient" 
responses that are typical of different types of audlologlcal Involve- 
ment. This would permit the advanced training of audiologists in an 
enviornment closely approximating reality, where they test a "patient," 
make a preliminary diagnosis, seek further Information if necessary 
through specialized testing, make a final diagnosis, and finally make 
recommendations. This environment Is difficult to obtain In the real 
word because of the limited number of people with pathological auditory 
conditions and the reluctance of testing centers to allow novice audio- 
logists to work with those that are available. 

Although the expansion to a more sophisticated course Is one recom- 
mended continuation of the present project, there are many uses to which 
the present course could be put. It was, of course, designed to be used 
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as a part of a college course In audiology. However, Its success with 
audlometrlcally naive students Indicates that It could be used as a 
stand-alone course for the training of nurses, technicians, and others 
who need only a basic knowledge of audiometry. The emerging mobile CAI 
concept. In which a computer and terminals are mounted In vans which can 
be easily moved to different locations, would allow school and Industrial 
nurses and others normally responsible for giving screening audiograms to 
take the course to maintain their proficiency for administering full 
hearing tests. Such a concept could also allow the teaching of audio- 
metry to disadvantaged persons near their homes to give them a skill that 
may be In more of a demand than those they possess. 

Experience with the trained audiometricians Indicates that proficiency 
maintenance would be a good application of the program. Although some 
experienced audiologists went through the whole course to see what It 
was like and a few passed the pretest, others felt that they needed to 
go through the material again. The average attempt rate of this group 
Indicates that some relearning was needed, although the techniques 
taught by this course may have differed somewhat from those originally 
learned. Perhaps the group that would be helped most by such proficiency 
maintenance methods would be those such as school nurses who spend most 
of their time giving screening audiograms. Although none of this group 
could be obtained for the trials, the results Indicate that they could 
benefit from this program. 

The results of this study may be considered In contexts other than 
that of audiometry. The successful integration of the audiometry 
simulator with an Instructional computer system Indicates that other 
devices could also be simulated, such as a polygraph, EKG and EEG Units, 
anesthesia administering units, and other devices that are commonly used 
with people and for which patients with pathological conditions are not 
available for practice. However, this concept need not be applied only 
to patient contact devices. Instruction In the use of any equipment 
that requires adjustment to specific conditions, such as x-ray equipment, 
various patient monitoring devices, artlflcal hearts, lungs, and kidneys, 
and even commonly used laboratory equipment could be provided through 
Interfacing an appropriate simulator with a computer system such as the 
1500. One application of this type to electronics, the use of a multi- 
meter, has been described and tested by Rlvett (1967). 

The feasibility of using a computer-controlled simulator of a 
patient contact device for the training of device operators has been 
demonstrated by this project. The future Is limited only by the Ingenuity 
required to design and build effective simulators. The use of CAI with 
simulators that require hands-on experience Is postulated as one of the 
most valid and defensible uses of CAI because training In the use of 
devices such as an audiometer by any other means cannot be as effective 
as that provided by CAI. 
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FOREWORD 



This manual describes the Audiometer 
Trainer Unit (ATU) and Its operation with 
both the 1050 and the 1600 Instructional 
System. It Is designed to be used as a 
guide In maintaining the unit. 
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Audiometer Troiner Unit 



INTRODUCTION 



The IBM Audiometer Trainer Unit (ATU) is a unique device which applies 
Computer Assisted Instruction (CAI) to laboratory exercises or "hands-on" train- 
ing in Audiology. For this training, the student must perform practical exer- 
cises on an audiometer, a device used to test a patient’s hearing. 

In learning to operate and perform hearing examinations with the audiom- 
eter, subjects must he available to act as patients. In audiology classes these 
"patients" are other students of the class whose hearing is usually normal. 

The ATU, operated in conjunction with a CAI program in Coursewriter 
language, provides step-by-step Instruction in the operation of audiometers 
without the necessity for an instructor's continual checking or testing of per- 
formance. The CAI program is written to simulate the "patient" under examina- 
tion; therefore, the student may be presented with hearing characteristics repre- 
senting any abnormalities desired. Even audiometer malfunction can be 
simulated. 

DESCRIPTION 

Audiometers ai\ presently built by several manufacturers; the design 
depends on whether the device Is for use In schools as a screening device, for 
use In clinics and hospitals, or for more specialised examinations. Outwardly, 
the ATU is representative of audiometers in general use. (Figure I) It has 
dials, switches, eto. similar to the standard American pure-tone audiometers. 
Dial labeling, knob site, etc., represent the generally accepted practice in the 
flelr*. 

Transition from the ATU to an actual audiometer should be no more diffi- 
cult for the student than the transition from the audiometer of one manufacturer 
to that of another. 
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Figure 1. Audiometer Trainer Unit, Front Panel 



Internally » the ATU contains none of the tone-generating and control func- 
tions found In actual audiometers. It contains instrumentation for encoding the 
switch positions as well as controls and interface circuitry to supply the com- 
puter with these positions. 

INTERFACE 

Although the ATU has a slrgle front panel design, the internal subchassis 
installed wltliln the unit depend on wle'her it is to be used with the 1060 System 
or the 1600 System. When the ATU s Interfaced with the IBM 1060 Data Com- 
munication System, the internal circi its of the ATU aro similar to those of the 
IBM 1092 Programmed Keyboard. V/hen connected to the IBM 1600 Instructional 
System, the ATU contains circuits which make its operation similar to that of 
the IBM 1618 Typewriter and Control Unit. 

1050 OPERATION 

The ATU is attached to the 1051 control unit of the 1050 System by one 
cable which carries data, control signals, and power. Figure 2 is a block dia- 
gram showing Moments of the ATU when used for 1050 operation. Pressing 
the TONE switch causes a relay contact to close. When the 1060 polls the ATU, 
the contact is sensed and relay circuits activate a mechanical scanner (Figure 3) 
which samples front panel switch positions. 

As each switch Is scanned, Its position Is encoded in binary-coded decimal 
by a diode-coding matrix, and It Is sent to the 1051 on seven bit-parallel lines 
(six BCD bits plus parity). Coding for each switch is shown in Figure 4. At 
the end of the cycle, an End-of-Block (EOB) character is transmitted. 

ATU CONTROL 

a. The ATU Initiates and ends transmissions, 

b. When the 1060 Is ready to read, scanning begins. 

c. At the end of the scan cycle, the 1050 Indicates the recet}4 of a 
good transmission. 
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Fljwrt 2. ATU/IOtSO block Diogram 
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Figure 3. Scooner Cord (1051 Attachment) 
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Flguro 4. ATU Switch Coding (Shoot I of 2) 
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The ATU, as an Input to a 1050 system, Is similar to a 1092 matrix key- 
board. As such, the ATU must be selected by the 1050. The ATU first Indicates 
that it has data ready to transmit. Then, when the 1050 Indicates that It Is ready 
to accept data from the ATU, a scan operation begins. The scan cycle (14.8 cps) 
sequentially transmits BCD data to the 1051, representing all the data prewired 
In the ATU switches. 

The scanner card (Figure 3) controls the order and speed at which the 
data Is transmitted. The order Is determined by Jumper wires; the speed by 
the apeed of the synchronous motor. A wiper assembly, connected to the 
motor shaft, makes one revolution on each scan cycle. As the wiper rotates, 

It electrically connects +12 volts to each data segment. Each data segment 
except the last one In the scan cycle is wired to the common contact of a front 
panel switch. The contacts of each front panel switch are connected to the 
coding matrix, which produces BCD code for the switch setting. The last data 
segment In the scan cycle Is wired to produce the BCD codv* for EOB. 

SCAN CYCLE 

a. The ATU Indicates that the data is ready. 

b. The 1050 Indicates that It is ready to transmit from the ATU 

o. The scan cycle begins. 

d. The switch position data is transferred to the 1050 parallel 
by bit, and serial by character, 

e. An EOB character signals the end of a stnglo transmission. 



Description 

Before a transmission can be requested, power must be supplied fay the 
1061 through a connection at the reader interface, The power switch on the 
ATU controls only do powari ac power for the scanner motor, supplied from 
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the 1051, is not switched. Each time powor is initially applied to the ATU, the 
scanner motor advances to the home position. This is called power-on 
homing a nd is not a true scan cycle, because the correct operating procedures . 
have not yet been put into effect. 

Power-on homing is performed by picking the homing relay through a N/C 
power-on point and holding it until the home position on the scanner is 
reached. 

Pressing the tone key picks the ready relay and activates the paper contact 
line to the 1051. The ready relay holds until a good answer is received at the 
end of the transmission. When polling determines that the paper contact line 
is active, the 1051 activates the reader-clutch line to pick the address relay. 
The address relay pick-coil is under the direct control of the 1050 reader- 
clutch line. The hold coll is used to ensure a complete transmission of a char- 
acter if the 1050 drops the reader-clutch line in the middle of a character 
transfer. 

The address relay and the ready relay pick the motor relay and a scan 
cycle begins. The first step on the scanner is not used with the ATU. 

Each character is transmitted in the same manner. The selected char- 
acter is first encoded to BCD (Figure 4) and applied to the bit lines which 
are connected to the 1050. Any BCD bit picks the strobe relay. This relay 
activates the strobe line to indicate to the 1050 that data is on the bit line(s). 
The 1050 uses the strobe line to gate the BCD data to the line - or home- 
register. 

The strobe relay also picks the strobe duration relay to govern the length 
of the Impulse. The strobe duration relay is conditioned by an R/C network 
to slow the pick and provide the timing for the strobe Impulse. When the 
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strobe duration relay picks (R/C network timed out), the end-data relay picks 
to drop the strobe relay. The end-data relay holds to the end of the scanner 
segment. When the end-data relay drops, the same operation oan be repeated 
for the next character. 

Circuit Objectives 

All logio locations are for 92A07 unless otherwise noted. 

1. Power-on homing. 

Pick homing relay (5-2 N/C, C2 -Power On point). 

Run motor (6-3 N/O, Cl). 

Pick home relay (home step, C2). 

Pick power-on relay (F2). 

Drop homing relay (5-2 N/C, D2-Homo point). 

Stop motor (6-3 N/O, Cl). 

2. Set Front Panel Switches 

3. Indicate ready -to-transmit to the 1050. 

Press the TONE key (Cl). 

Pick the reaefy relay (7-3 N/C, Dl). 

Activate paper contact line (3-2 N/O, Bl). 

4. Run the scanner motor. 

This operation sequentially reads out the 
switch position codes. 

Each scanner step transmits a character in the same manner, up to 

the EOB step. See EOB operation . 

• Pick the address relay (reader clutch line from 

1050, Dl). 

Pick the motor relay (2-1 N/O, 3-3 N/O, Dl). 

Run the scanner motor (4-1 N/O, E2). 

5. Prefix Code Step (No transmission in ATU application) 

Pick prefix relay (prefix step, FI). 

Hold prefix relay (1-1 N/O, 2-2 N/C, 5-1 N/O, FI). 
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6, Encode a character to BCD. 

Example: switch 3 (channel I hearing level) in position 3 
Activate scanner common (2-2 N/O, 92A08, Al). 

Wiper moves to position B024, 

*12 Y to C04 C on logic 92A02, AL - — - 

Switch 5 N/O to D01H on logic 92A07, Al. 

Encode C, 4, 1 (Al). 

7. Transmit a character. 

Data on bit lines (from encoder. Al and 2). 

Pick strobe relay (BCD data, 5-4 N/O, 3-3 N/C, Bl), 
Activate strobe line to 1050 (6-1 N/O, Bl). 

Pick strobe duration relay (6-3 N/O, B2). 

Pick end-data relay (2-1 N/O, B2). 

Pick end-of-prefix relay (3-4 N/O, 1-4 N/O, F2). 

Drop strobe relay (3 -3 N/C, Bl). 

Drop strobe duration relay (6-3 N/O, B2). 

Drop end-data relay (no data on bit lines, B2). 

EOB OPERATION 

a. The EOB step on the scanner transmits an EOB character 
(C, B, 8, 4, 2). 

b. The EOB step also picks the homing relay to advance 
the scanner to the home position. 

c. The good-answer relay must pick before a new trans- 
mission can be requested. 

d. Three modes of operation control the pick of the good- 
answer relay: 

Home -loop 

Line -loop without error correction 
Line-loop with error correction. 
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Home-l/oop (Figure 5) 

Home-loop would be used with the ATU only for test; it is used with 
the 1002 Keyboards for communication between output units. 

The EOB step on the scanner picks the homing relay. In home-loop 
mode, the 1050 does not drop the reader-clutch line so the motor is controlled 
by two circuits: ready and address and the homing relay. 

The ready relay drops when the good-answer relay picks. The homing 
relay keeps the motor running until the scanner reaches the home position. 

The step following the EOB step picks the good-answer relay to drop 
the ready relay. 

Line -Loop without Error Correction 

This operation is similar to home-loop except that the 1050 drops the 
reader-clutch line when the EOB character is received, and initiates an 
error check. Two operating conditions are then possible: 

1. The 1050 receives a good-answer Y and raises the reader- 
clutch line. If the scanner has reached the home position, 
a new transmission can begin, 

2. The 1050 receives an error answer N. The 1050 does not 
raise the reader clutch, and a new transmission cannot 
occur. Operator inter vention is required. This indication 
is displayed on the 1050. The control of the good-answer 
relay and the homing relay is identical to home -loop 
operation. 

Line-Loop with Error Correction 

The EOB character indicates the end of a group of data, and the 1050 
initiates an error check. The EOB step also picks the homing relay to 
advance the soanner to the home position. This much of the operation is 
identical to home-loop. The major difference with the error correction 
feature on the 1050 lies in the control of the good-answer relay. 
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When the 1050 initiates the error check, two operating conditions are 
possible: 

1, The 1050 receives a good-answer Y . 

2. The 1050 receives an error answer N . 

It a good-answer is received {Figure 6), the 1050 picks the good-answer 
relay through a N/O good-answer -gate relay point. If the scanner has 
reached the home position, ATU is ready for a new transmission. 

If an error answer is received (Figure 7), the 1050 does not pick the good- 
answer relay. Instead, the 1050 raises the reader-clutch line. When this 
occurs, the ready relay runs the scanner motor in the same manner as though 
the tone key were pressed. With the scanner motor running, and the ready 
and address relays picked, the same data is retransmitted. In addition, the 
CR segment on the scanner activates the reread-reset line to restart the 105 0. 
The error-check procedure is repeated at the end of the scan cycle. 

If the second transmission is incorrect, the auto-vestart procedure 
occurs again. If the third transmission is also incorrect, the 1050 does not 
raise the reader-clutch line, and the ATU stops. Oporator intervention is 
required. 

Circuit Objectives 

All logio locations are for 92A07 unless otherwise noted. 

1. Home -Loop 

a. Transmit BOB character (C, B, C, 4, 2). 

EOB step on scanner (92A08, A2). 

Signal feeds through 92A07, C2 and D2, 

to 92A07, A2. 

Encode EOB character on bit lines (A2). 

Transmit EOB character. 
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b. Advance scanner motor to home position 

EOB step on scanner (92A08, A2). 

Pick homing relay (5-2 N/C, A2). 

Hold motor relay (6-3 N/O, Dl). 

Pick home relay (home step, D2). 

Drop homing relay (5-2 N/C, D2). 

Drop motor relay (6-3 N/O, Dl), 

c. Force a good-answer 

Good-answer without error-correction step on 
scanner (92A06, A2), 

Pick good-answer relay (1-2 N/C, D2). 

Drop ready relay (7-3 N/C, Dl). 

2. Line-Loop without error correction. 

In the ATU there is no difference between this operation and 
home-loop operation. In case of an error transmission, the 
1050 drops the reader-clutch line to force operator interven- 
tion before another transmission can take place. The error is 
signaled on the 1050. 

3. Line-Loop with error correction. 

a. Transmit EOB character. 

Same as home-loop, item 1A. 

b. Advance scanner motor to home position. 

Same as home -loop, item IB. 

c. Develop good-answer gate. 

This operation allows the ATU to receive a 
good-answer from the 1050, 

Pick line-correction relay (1050 controlled, D2). 

Good-answer without error-correction step on 
scanner (92A08, A2). 

Pick good-answer gate relay (1-1 N/O, D2). 

Hold good-answer gate relay (3-2 N/O, 5-1 N/O, F2). 

Drop good-answer gate relay at the beginning of the 
next transmission (2-2 N/C, F2). 
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d. Pick good-answer relay. 

This operation is under control of the 1C50, 

LRC answer OK from 1050 (C2). 

Pick good-answer relay (3-1 N/O. LRO OK, D2); 

1500 OPERATION 

For 1500 operation, tho ATU has its own 12 volt dc power supply. Line 
power is supplied by a power cable (110 volt ac) and ie switched by the 
POWER switch on the ATU. Connection to the 1500 system is through the 1052 
Station Control in the same manner as other devices (i.e., a cable connects 
the ATU to the Input-Output Data Bus (IODB), the Device Selection Bus, and 
the Examine Bus). 

Figure 8 is a block diagram of the ATU when used with the 1500 System. 
When the TONE switch is pressed, the ATU control circuits cause the Ring 
Counter to scan io the first switch position in the scan cycle. Output from the 
first scanner position sets the Program Call Bit (PCB) latch. This is sensed 
when the ATU is polled in the 1502 examine cycle, informing the 1500 that tho 
ATU is rea»fy to send data. The 1502 initiates a fetch cycle via the appropriate 
select lines of the Device Selection Bus. The position of the first switch is 
encoded in correspondence code by the Diode Coding Matrix and sent to the 
1502 Input-Output Data Register. Switch coding is shown in Figure 4. The 
FETCH signal is also used to reset the PCB latch and step the Ring Counter 
to the next ATU switch position. 

The Ring Counter output sets the PCB latch again so that another PCB is 
sensed when the ATU is polled during the next examine cycle, starting another 
fetch cycle. This cycle scans the second switch position and sends the coded 
position to the 1502. 

This process is repeated until all eight switches are scanned. No EOB 
character is transmitted; the Coursewrlter programmer must specify in the 
ep instruction (which requests a response from the ATU) that eight characters 
is the maximum to be accepted in order to cause forced generation of an EOB, 
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Figure 8. ATU/1500 Block Diagram 
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Tho switch position codes are placed in bit positions 10-15 of the Input 
Data Word to the 1502. Only three other bits of this word are sent by the 
ATU: Bit 1 (Unit Operation) indicates the 12-volt power ia available; Bit 4 
indicates that a PCB was present (data ready) at the start of the current fetch 
cycle; Bit 2 performs the following function. To satisfy 1518 I/O devioe 
routines under which the ATU operates, the keyboard lock function of the 1618 
is simulated. While performing no mechanical locking, a latch is provided to 
accept keyboard lock -bits from the IODB interface during the transmit oycle. 
As a result, a 2 bit Is made available to the IODB interface to indicate the 
mode (keyboard locked). 

The PATIENT SIGNAL indicator on the ATU is controlled by a latoh that 
is sot by utilizing an output or print operation. A ty Coursewriter Instruction 
is used to set or reset the latch by typing a b (bit 10) or w (bit 11) respectively. 

SCAN CYCLE (See Schematics) 

During the first examine oycle after ATU power is turned on, all flip- 
flops in the Ring Counter are rese 1 . The Counter consists of nine flip-flops. 
The first flip-flop stays in the reset state throughout tho scan cycle, gating 
the second flip-flop so that a trigger input can only reset it. The remaining 
eight flip-flops each supply 12 volts when set to the common terminal of one 
of the eight front panel switches which are scanned, 

Each flip-flop except tho first and last gates the next flip-flop in the 
Counter sequence in the following way: If a flip-flop is set, the next flip-flop 
is gated so that a trigger input can only set it. If a flip-flop is reset, the next 
flip-flop is gated so that a trigger Input can only reset it. 

Pressing the TONE switch grounds the input to an invertor (logical 0), 
producing 12 volts at the invertor output (logical 1). This output is AND'ed 
with a NOT KEYBOARD LOCK, and a NOT BLOCK START signal from the 
Examine Card, The NOT BLOCK START signal prevents the initiation of a 
scan cycle prior to the completion of a fetch cycle which may be in process. 
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The AND’ed output sets the TONE switch latch, which remains set until the 
TONE switch is released. Release of the TONE switch repeats the input 
operation In its entirety to provide a capability for course authors to record 
how long the switch is held down. 

The TONE switch latch output triggers a single -shot, producing a one- 
mlllisecond pulse which is inverted and sets the Switch 1 Flip- Flop in the 
Ring Counter. The Switch 1 Flip-Flop has three outputs. The first gates the 
Switch 2 Flip-Flop so that a trigger will set it. The second supplies 12 volts 
to the common terminal of Switch 1, The 12 volts goes to the Diode Coding 
Matrix through a line whloh depends on the switch setting. The switch setting 
is encoded by the matrix and placed on the IODD during the fetch cycle. 

The third output of the Switch 1 Flip-Flop is OR’ed with the outputs of the 
remaining switch flip-flops (all in reset state), AND’ed with a NOT DELAYED 
ADVANCE signal, and applied to the PCB latch, setting it. 

Setting of the PCB latch brings up the PROORAM CALL line which goes 
to the Examine and Fetch Cards. The Examine Card generates a BLOCK 
START signal which keeps the TONE switch latch from being initially set if 
an examine or fetch cvole is in process, 

When the ATU is polled during the next examine cycle, the presence of 
PC CALL and EXAMINE signals at the input to the Examine Card causes a 
PCD to be put on the Examine Bus, lOSB, to the 1602, informing the 1600 CPU 
that the ATU has a character to send. 

When the 1600 CPU selects the ATU for a fetch cycle, the X-SELECT and 
Y -FETCH SELECT lines to the Fetch Card are brought up. This, along with 
POWER ON and PC CALL signals, causes the fetch card to place the coded 
8witch 1 character on the IODB to be sent to the 1602. The FETCH signal 
triggers the PCB latch reset single-shot and all the Ring Counter flip-flops, 

It is also inverted and applied to the ADVANCE line. 
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The single -shot resets the PCB latch with a 1C miorosecond pulse. The 
ADVANCE signal prevents the PCB latch from setting again by triggering a 
four millisecond single-shot holding down the NOT DLYD ADV to the AND 
gate. This is to permit processor time of the fetch word. 

When the trigger input generated by the FETCH signal reaches the 
Ring Counter flip-flops, they are all in the reset state except the Switch 1 
Flip-Flop, which was set when the TONE switch was pressed. 

As described above, each flip-flop is &ated so that it will be reset by 
a trigger input unless the previous flip-flop in sequence is in the set state. 
Therefore, the trigger sets the Switch 2 Flip-Flop, resets the Switch 1 
Flip-Flop, and leaves the remaining flip-flops in the reset state. Now, only 
the Switch 2 Flip-Flop is set. 

Setting of the Switch 2 Flip-Flop places 12 volts on the common terminal 
of Switch 2, causing the Switch 2 position to be encoded by the Coding Matrix 
and made available to the fetch card. The Switch 2 Flip-Flop also sets the 
PCB latch through the SCANNER 2 line when the four-millisecond NOT DLYD 
ADV irom the single-shot ends. This again generates a PC CALL signal so 
that a PCB will be sent to the 1500 in the next examine cycle, indicating that 
the ATU is ready to send another character in response to a fetch cycle. 

The next fetch cycle 6ends the Switch 2 coded position and steps the ring 
counter in a similar way to position 3. Each switch position is sent in turn 
until completion of the fetch cycle for Switch 8 position. After Switch 8 is 
sent, the PCB latch is not set because all of the Ring Counter flip-flops are 
reset. Following a forced EOB, caused fay the ep instruction calling for 8 
characters, the I/O device routine requires a final program call. This is 
done by setting the Scan End latch when the Switch 8 position is reached. Thlt 
and the DLYD ADV signal then set the PCB latch. 
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TRAN8MIT CYCLE 

When Bit 10 of the data word is present during a transmit oyole, the 
Patient Response latoh is set through the Xmit Card, lighting the PATIENT 
SIGNAL indicator. The indicator remains lit until a Bit 11 is sent by a 
Coursewrlter ty instruction (w oharaoter). This resets the latch, turning off 
the indicator. 
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FOREWORD 



This publication describes the Audiometer 
Trainer Unit (ATU) and its operation. Also 
inoluded ia Information on authoring in 
Coursewriter for ATU uae with both the 1600 18 
and the 1050 Syatem. 

The phyaical planning oooalderations neceaaary 
for operation of the ATU are covered herein. 

A list of IBM publicationa with which the user of 
the ATU ahould be familiar ia ateo Included. 
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Audiometer Trainer Unit 




INTRODUCTION 



The IBM Audiometer Trainer Unit (ATU) is a unique device which applies 
Computer Assisted Instruction (CAI) to laboratory exercises or "hands-on" 
training in Audiology. For this training, the student must perform practical 
exercises on an audiometer, a device used to test a patient's hearing. 

In learning to operate and perform hearing examinations with the audio- 
meter, subjects must be available to act as patients. In audiology classes these 
"patients" are other students of the class whose hearing is usually normal. 

The ATU, operated In conjunction with a CAI program in Coursewriter 
language, provides step-by-step instruction in the operation of audiometers 
without the necessity for an instructor's continual checking or testing of 
performance. The CAI program is written to simulate the "patient" under 
examination; therefore, the student may be presented with hearing characteristics 
representing any abnormalities desired. Even audiometer malfunction can be 
simulated. 

DESCRIPTION 

Audiometers are built by several manufacturers; the design depends on 
whether the device is for use in schools as a screening device, for uso in 
clinics and hospitals, or for use in more specialized examinations. Out- 
wardly, the ATU is representative of audiometers in general use (Figure 1). 

It has dials, switches, etc., similar to those on standard American pure-tone 
audiometers. Dial labeling, knob size, etc., represent the generally accepted 
practice in the field. 

Transition from the ATU to an actual audiometer should be no more 
difficult for the student than the transition from the audiometer of one 
manufacturer to that of another. 

Internally, the ATU contains none of the tone -generating and control 
functions found in actual audiometers. It contains instrumentation for encoding 
the switch positions as well as controls and interface circuitry to supply the 
computer with these positions. 
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figure 1. Audiometer Trainer Unit, Front Pane! 
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CONFIGURATIONS 

The ATU is designed to operate with either an IBM 1050 Terminal or the 
IBM 1500 instructional System. Although the external appearance and purpose 
of the unit is the same, the ATU contains different subchassis, different 
connectors, and has a different operating sequence for each configuration, 

CONTROL PANEL 

The control panel of the ATU contains dials and switches which are found 
on standard audiometers. Figure 2 lists the functions of all dials, switches, 
and lights. 

ATU OPERATION 

When the ATU is attached to either the IBM 1500 Instructional System or 
the IBM 1050 Terminal, the author of a Coursewrlter language program can 
request input from the ATU with standard Coursewritor instructions transmitted 
via standard output devices (printer, display, etc.). When a student receives 
such a request, he sets the ATU front panel dials and switches as instructed 
and presses the TONE lever. Coded switch positions are then transferred to 
the IBM 1050 Terminal or the 1500 Instructional System imder control of the 
Coursewrlter program. Figure 3 shows switch coding for each position of 
each switch. The following subsections describe steps in the ATU operational 
sequence which are peculiar to 1500 and 1050 operation. 

OPERATION WITH THE IBM 1500 INSTRUCTIONAL SYSTEM 

For IBM 1500 IS Operation, the ATU is used at the student station in 
place of the IBM 1518 typevnriter. Input and output to the ATU is handled 
like input and output for the 1518 typewriter. Since the ATU does not have 
a keyboard, the IBM 1510 display keyboard at the student station must be 
used for student sign-on, sign-off, and other required non-ATU input functions. 

To accept inputs from the ATU, it is necessary for the author to change 
the input device from tho display keyboard to the ATU and back again. A 
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DIAL, SWITCH, 

OR LIGHT FUNCTION 



ON-OFF switch 



POWER light 



Controls overall operation of the 
ATU. A non-operational code is 
indicated to the computer when this 
switch is in the OFF position. 

Lights when the ON-OFF switch is 
in the ON position. 



PATIENT SIGNAL light Illuminates on command from the 

computer to simulate a patient's 
response when the unit is connected 
to the 1500 System. 



Channel 1 
SISI DB 

BONE - RIGHT - LEFT 



HEARING LEVEL 



FREQUENCY 



TONE WARBLE 



A 7 -position rotary switch equivalent 
to controls on audiometers for Short 
Increment Sensitivity Index testing. 

A 3-position switch equivalent to 
Channel 1 output selection on standard 
audiometers - encodes for the right 
ear, the left ear, or bone positions. 

A 25 -position rotary switch equivalent 
to the attenuation dial on standard 
audiometers. Labeling is from -10 to 
110 db in increments of 10 with indexing 
every 5 db. 

A 12-position rotary switch which has 
11 descrete frequency positions plus a 
blank position which is labeled "speech" 
on some audiometers. 

Corresponds to the switch on an audio- 
meter which causes the tone from 
Channel 1 to be varied when the switch 
is in the ON position. 



Figure 2. Switch/ Dial/ and Light Functions (Sheet I of 2) 
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DIAL, SWITCH, 
OR LIGHT 



FUNCTION 



TONE NORM ON-OFF Corresponds to the audiometer switch 

which determines whether the tone from 
Channel 1 is normally on or off. When 
this switch is in the ON position, the 
TONE switch turns the tone off. When 
it is in the OFF position, the TONE 
switch turns the tone on. 

Channel 2 



Note: On a standard audiometer, Channel 2 refers to the ear not 
specified by the Channel 1 OUTPUT switch, when the switch is set to 
RIGHT or LEFT. There is no output from Channel 2 when the switch 
is set to BONE. For the ATU, each control position is encoded inde- 
pendent of the position of any of the other controls. 

OUTPUT A 5-position rotary switch which 

indicates whether the Channel 2 
output from an audiometer is OFF, 
MASKING, 1000 Hz, 4000 Hz, or 
whether 100 Hz is being supplied 
to Channel 1. 

HEARING LEVEL A 21-position rotary switch which 

has the same function as the Channel 
1 HEARING LEVEL switch, except 
that labeling is from 0 to 100 db. 



Figure 2. (Sheet 2 of 2) 
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Figure 3. (Sheet 2 of 2) 
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function (example in Appendix A) may be used to accomplish this. This particular 
function is coded: 

(a) 

fn ch/(k) 

where: 

a changes the response device to the ATU (typewriter) 
k changes the response device to the display keyboard. 

Any other specification Is an error, and the student Is automatically signed 



The input of the ATU code over the Interface to the IBM 1502 Is treated as 
an Input from the typewriter keyboard. Coursewrlter language may be used 
without any programming restrictions. For example, to request an ATU response, 
the author would code: 

e P •/••/• • r tm • /• kk • /• i, . . . i 10 * /* @ 

where: 

tttt 1s author time-out In tenths of seconds. 

kk is the length of the character code to be accepted. 

(must be less than or equal to 8) 

1, . . . Ijq is response identifier (10 characters or less). 

Note 1: The sixth alternate coded slash is necessary when- 
ever a response is requested from the ATU. 

Note 2: If the ATU power is not on when the response request 
(ep) instruction is executed, the student will be signed off. 

The sequence of steps in using the ATU with the 1500 system is: 

1. ATU power is turned on. 

2. The student input device is changed from 1510 display keyboard to 
ATU (substituting for 1518 typewriter). 

3. Response is requested from the ATU (ep instruction). 

4. The ATU switches are set and the TONE lever is pressed. 

5. A character code (Figure 3) allowed by an (e) is received in 
the input buffer (bO) and handled by the program exactly as if 
it had been received from the typewriter. (The character code 
length was specified in the ep instruction.) 



3. The TONE lever is released and the characters are received again. 
This permits determination of how long the lever was held down. 

7. Successive responses from the ATU may be obtained by waiting 
for a response to be requested and then depressing the TONE lever. 

8. Depressing the TONE lever before the response Is requested will 
cause Incorrect input to the computer. The student should be told 
to operate the TONE lever only when he is instructed to do so. 

9. To turn on the ATU PATIENT SIGNAL light, code: 

ty b */ 0 



The alternate- coded slash character is required. 

10. To Turn off PATIENT SIGNAL, code: 



• • 

ty w / (e) 



Operation with the IBM 1050 System 

Exact coding depends on the instructional system used. In general, input 
from the ATU is handled exactly as input from the 1050 typewriter keyboard. 

1. ATU power is turned on. 

2. Response is requested from the keyboard or ATU (the station is 
polled). 

3. ATU switches are set and TONE lever pressed. Reader start is 
pressed on the 1050 (Request is not necessary). 

4.. An eight-character code followed by an EOB is received in the 
input buffer and is handled by the program exactly as if it had 
been received from the 1050 typewriter. 

5. Text may normally be outputted to the 1050 typewriter. Hie 
patient hearing on the ATU may not be used. 

6. Successive responses from the ATU may be obtained by waiting 
for the station to be polled and then depressing the TONE lever. 

7. Depressing the TONE lever before the station has been polled 
will cause incorrect input to the computer. Hie student should be 
told to operate the TONE lever only when he is instructed to do so. 



Example; 



1500 IS 
pr @ 

dt 6, 3 / / / Set tbe . . . 

* * — 

fn oh / a © 
ep '///IS/ pr 78 / © 
nx © 
de 0/32 @ 

dt 0, 3 / / / You must not 
understand 

pae (e) 

br ©© 

ca < c l c 2 c 3 c 4 c 5 0 6 c 7 0 8> ® 
ty b 7 © 
de 0/ 32 © 

dt 6, 3 / / / The patient heard . . . 
pac © 

i • 

ty w / © 

wa ( ) © 

de 9/32 © 

dt 6,3, / / / The patient did not I 



1050 6vBtom 
qu Set the . . , 
ca c 1 o 2 c 3 c 4 c 6 c 6 c 7 c 8 

ty The patient heard . . . 

, ya ( ) 

ty The patient did not hear . 
u 

un You must not understand . 



pr 

t • 

da 0/32 

dt 0,3/// Now use the display 
.. keyboard . . . . 

fn oh / k © 
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PHYSICAL PLANNING 



Dimensions 

The overall dimensions of the ATU are 21-3/4" wide by 14" high by 11-3/4" 
deep, including control knobs. 

1500 Connection 

For use with the 1500 System, the ATU must contain the 1500 sub-chassis 
(shown Installed In Figure 4). The ATU Is connected to the 1502 student station 
through a 12-foot cable. A station B connector Is required. Power to the ATU 
Is supplied through a separate 110-volt, 60-cycle power cord. 

1050 Connection 

For 1050 operation, a reader position feature Is required on the 1050 ter- 
minal, and the ATU must contain the 1050 sub- chassis (Figure 5). ATU power 
as well as 1050/ATU Interface connections are supplied by a single cable. 



Installation Clearance 

8" is required at the rear of the ATU cabinet for cable connector 
anc cable bend radius. A 4" projection of desk in front of ATU is 
desirable for operator to rest hand. 
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Figure 4. 1500 Subchassis (Shown Installed) 




» 
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Figure 5. 1050 Subchassis 




APPENDIX 

Listing of the Function Required To Change Input 
Devices In the 1600 8ystem 

( Function CH) 
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I 



CH FUNCTION 

THIS FUNCTION ALLOWS THE INPUT DEVICB TO 
BE CHANGED FROM KEYBOARD TO AUDIOMETER OR 
FROM AUDIOMETER TO KEYBOARD 
THE CALL SEQUENCE IS FN CH/L0 
/ IS AN ALTERNATE CODED SLASH 
L IS A LETTER, EITHER K CHANGE TO KEYBOARD 
OR A CHANGE TO AUDIOMETER 
8 IS AN EOB 

ANY OTHER CALL SEQUENCE IS ILLEGAL 
AN ILLEGAL CALL SEQUENCE CAUSES AN 
INTERPRETER ERROR EXIT WITH ERROR CODE SI 



1 D7C 






ATR 


EQU 




/ 1 D7C 


TERMINAL RECORD BASB 


1 D8B 






ATRE3 


EQU 




ATR61S 


TYPE INPUT DEVICE 








* 








1 1S10 








* 








2 1 S 1 8 OR AUDIOMETER 


IEEE 






ATRE6 


EQU 




ATR6370 


PTR TO FUNCTION PARAMETERS 


1 EFO 






ATRE8 


EQU 




ATRSS72 


FUNCTION SWITCH 


1 EF2 






ATRFR 


EQU 




ATK6374 


FUNCTION RETURN TO INTBRP 


2282 






CERIN 

« 


EQU 




/ 2 282 


ERROR RETURN TO iNTERP 


0000 


00 


C4801EEE 


* 

CHOOO 


LD 


I 


ATRE6 




0002 


0 


FO 1 2 




EDR 




CH001 




0003 


01 


4C18000E 




BSC 


L 


CH002 , 6 - 


BRANCH IF CHANGE TO K3D 


OOOS 


0 


F010 




EOR 




CHOOS 




0006 


01 


4C 1 8001 3 




BSC 


L 


CH004 , 6 * 


BR OF CHANGE TO AUDIOMTR 


0008 


0 


1010 




SLA 




16 




0009 


00 


D4001EF0 




STO 


L 


ATRE8 


RESET FUNCTION SWITCH 


000B 


0 


COOB 




LD 




CHOOS 


LOAD ERROR CODE 


OOOC 


00 


4C802282 




BSC 


I 


CERIN 


GO TO INTERP ERROR EXIT 


000E 


0 


C009 


CH002 


LD 




CH006 


LOAD KEYBOARD CONSTANT 


000F 


00 


D4001D8B 


CH008 


STO 


L 


ATRE3 


STORE IN TRA 


0011 


00 


4C801EF2 




BSC 


I 


ATRFR 


EXIT 


0013 


0 


COOS 


CH004 


LD 




CH007 


LOAD TYPEWRITER CONSTANT 


0014 


0 


70FA 




MDX 




CH008 




O01S 


0 


9226 


C.H001 


DC 




/9 2 26 


K , EOB 


0016 


0 


1300 


CH003 


DC 




/ 1 300 


K , EOB EOR A, EOB 


0017 


0 


FSF1 


CHOOS 


DC 




/FSF1 


ERROR CODE SI 


0018 


0 


0001 


CH006 


DC 




/0001 


1 S 1 0 


0019 


0 


0002 


CH007 


DC 




/0002 


1S18 OR AUDIOMETER 


00 1 A 




0000 




END 




CHOOO 





NO ERRORS 




IS 



CROSS REFERENCE INFORMATION 



SYMBOL 


VALUE 


REFE 


ATR 


1D7C 


0000 


ATRE3 


1D8B 


OOOF 


ATRE6 


IEEE 


0000 


ATRE8 


1EFO 


0009 


ATRFR 


1EF2 


001 1 


CERIN 


2282 


OOOC 


CK000 


OOOO 


001A 


CHOOl 


002 S 


0002 


CH002 


OOOE 


0003 


CH003 


0016 


OOOS 


CH004 


0013 


0006 


CHOOS 


0017 


OOOB 


CH006 


0018 


OOOE 


CH007 


0019 


0013 


CH008 


OOOF 


0014 
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Appendix C 

Example of a "Dry Run" Program 



dt: The device you will work with most Is the Pure Tone Audiometer 

simulator which you see to your right. It Is similar to commercial 
Pure Tone Audiometers but It Is connected to the computer. In this 
computer-assisted course you will learn Its basic operation and will 
use It to practice giving hearing tests. The first thing you'll get 
Is a basic Introduction to the use of the audiometer panel. 

If you have used an audiometer before, you can skip the Introduction 
(If you can pass a test) 

If you have never used an audiometer before - press the light pen here. 
If you have used one to some extent and want to skip ahead, - press 
the light pen here: 



ca: (none) - #3 

aa: (used) - Branch Br 1 

un: Message C [light pen error - try again.] 



o 

ERLC 



3 . 



dt: 1. POWER SWITCH 

Look at the audiometer panel. As you might expect, the first thing 
to do to the machine Is to turn It on. The power switch Is located 
In the upper right-hand corner of the panel. Turn It on now, then 
do the following: 

If the light next to the power switch came on, press the light pen here: 
If the light did not come on, press the light pen here: 



ca: Light on - #6 

wa: Light not on - 14 

un: Light pen In undefined areas • Message C 




p 



4 . 



dt: You Indicated that the light did not come on. 

The light may not be working properly, or you may have the wrong 
switch. The light Is Just under the word POWER In the upper right 
hand corner, and the switch Is just to the right of It. 

Flip the power switch up. 

1 f the light still does not come on - press the light pen here: 

If the light does come on - press the light pen here: 



wa: Light still off - #15 

ca: Light on • #6 

un: Response not In allowable area - Message C 




5 . 



dt: Apparently you are still having a problem. The switch you 

should be working with Is highlighted on the display screen. Try 
It again. 

If It works this time, press the light pen here; 

If It still does not work, press the light pen here; 

Slide of the audiometer panel. Highlight "on" switch. 



ca : YES - 16 

wa: NO - proctor message (machine malfunction) 

un: Message B 




6 . 



2. TONE NORM ON/OFF SWITCH 

dt: The TONE NORM ON/OFF switch (near the center of the panel) determines 

whether a tone in the earphone is normally on, or normally off. If you 
wanted the torf to be normally on, you would set the switch to TONE 
NORM ON. To hive the tone normally off, you would set the switch at 
TONE NORM [type the answer.] 



ca: 


OFF - 


#7 


W4 ! 


ON - 


16a 


un: 


Message B 




6a 



dt: You said that you would set the switch at TONE NORM ON. 

be correct If you wanted the tone to be usually on, but 
tone normally off, you would have to set the switch at 
TONE NORM . 



ep: 



ca: OFF - #7 

un : #6b 




This would 
to have the 



6b 

dtl The tone Is normally off when the switch Is set to 
TONE NORM OFF 

dt: #7 




7 . 



Right 

3. TONE SWITCH 



dtl : 



dt: When you are giving hearing tests, you will usually have the tone 

normally OFF (tone normally ON has special uses.) You will present 
the tone to the patient by pressing down the TONE switch, located 
In the lower center of the panel. In other words, when the 
TONE NORM ON/OFF switch Is set to TONE NORM OFF, you can turn the 
tone on by pressing the s witch. 



ca: TONE - #8 with dtlj 8 

aa: INTERRUPTER - 7a 

ab: T* - 7b 

un: 7c 




f 



APPENDIX D 



Computer Listings of Representative Portions 
of the Audiometry Course 
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APPENDIX E 

Technical Aspects and Problems 



Comput er Facilities 

IBM 1500 Instructional System based on an IBM 1130 computer with 
32 K (16-bit word) 3.6 microsecond core memory, 5 disk packs providing 
2.5 millions words of storage, two 2415 tape drives, 1132 printer, and 
1443 card read/punch. During program development the number of terminals 
was Increased from 6 to 15. 

Factors Con cerning Speed With Which the 
Displ ay -^reen Rand Could be Raised 

a. Requirement for reassembly of course. During on-line course 
authoring, fnpuVTns true tl ons are written on the disk In the next avail- 
able space, either within the course segment being authored or at the 
end of all course segments. Either way, If a change Is made In the Inte- 
rior of a segment, t..e changes will be placed on the disk some physical 
distance from the original material. During course execution, the 
effect of this will be to Increase access time to the revised section 
because of read head search time. Reassembly places all Instructions In 
the proper physical order on the disk, but the process takes some time 
(about two hours for this program but It Is less for shorter course 
segments). 1 Tne effect of reassembly was assessed by measuring the time 
between the start of the tone and the lowering of the hand under reas- 
sembled and non-reass embleti conditions. The programing Involved was, 
generally, as follows: 

1. Display problem 

2. Read Internal clock (Cl) 

3. Student presses tone switch 

4. Response latency stored (Ll) 

5. Input setting tested. If correct, RAISE HAND 

6. 8ranch to timing routine 

7. Read Internal clock (C2) 

8. Walt for release of switch 

9. Student releases tone switch 

10. Store response latency (12) 

11. LOWER HAND 

Some additional loading and testing also Is done during this sequence, 
and there are three branches, two of which are done via return regis- 
ters. The precise coding may be *r ‘n Appendix D. 

The duration measured, then, was fn n step 3 (student presses tone 
switch) through step 11 (hand lowered). If one Instruction In this 
sequence Is changed, this change Is physically added to a different part 



Durlna the summer of 1969 a new reassembly routine was Installed 
that markedly reduces the time to reassert! e course segments that do not 
contain an excessive nur.ter of labels. 



of the disk resulting In Increased access time of up to two seconds. 

This response time Increases with a larger number of changes. 

Reassembly of a program segment aligns all Instructions physically 
on the disk and, depending upon the number of changes previously made, 
may markedly reduce program response time. 

The Implications of the above are the following: 1) reassembly 

should always be performed prior to running subjects on course material j 
2 ) If timing Is an Important consideration, course segments should be 
reassembled after changes prior to author evaluation; *nd 3) due to the 
relationship between the length of a course segment anu the time needed 
for Its reassembly, course segments should be kept relatively short (less 
than 160 sectors) If frequent reassemblles are to be performed. 

b. Number of Instructions required for the display . The Importance of 
the number of instructions (dvs or UtT'sTVa’s not at first recognized. 
However, It was found that the processing of display Instructions may be 
relatively slow. The Initial Instruction sets for manipulating the 
displayed subject consisted of thirteen Instructions to raise the hand 
and thirteen to lower It. Each set displayed a complete man. 

The final instruction sets consisted of five Instructions for the 
Image with the hand down and one Instruction for the raised hand. The 
latter modified a portion of the hand down display by replacing the 
"patient's" lowered right hand with a raised hand. This Image was com- 
pletely replaced by the display with the lowered hand. These displays 
were necessarily more crude then those with more Ins fii, but the 
gain In display time was considered more Important than tne beauty of 
the man. 

The obtained times for processing and displaying the raised hand 
were measured by a stopwatch after reassembly of the program. The time 
was measured from the depression of the tone key to the completion of 
the hand-up display. More than 20 measurements of each type of display 
were made. Times for the Initial set with 13 display Instructions 
ranged from 2 to 2.6 seconds, for the final set with one display 
Instruction the range was from 1 tc 1.5 seconds, a gain of a full 
second which, for this purpose, was , nortant. This difference may 
have been due to a variety of factors deluding the following: 

1. The display with one uJ co ined fewer cha: a <ers and 11r.es 
and could bt placed on the vlur" buffer more r&p idly. 

*!. The large number of Index and reverse Index Instructions In 
the 13 dtl display may have excessively degraded processing. 

c. Impact of others on the system . The relatively long sequence of 
Ins true Hons jTven fn secTTon "a" above can be used to Illustrate some 
of the difficulties encountered when others use the system at the same 
time as the AUDIO course. When the student depresses the tone switch, 
a pulse Is transmitted to the computer. It Is tested and the hand Is 
raised If appropriate. If, however, someone at another station has the 
attention of the computer at the time the switch Is depressed, processing 
of the pulse will not take place until processing of the other terminal 
Is finished. This delay may be very brief or It may be In the order of 




several seconds , depending upon the type of processing being done. If 
more than one other terminal Is In operation, this delay Is compounded 
due to the sequential processing of terminals. 

Due to the above process, a delay In the raising of the hand may 
occur. Meanwhile, the student Is counting the time he has depressed 
the switch and releases It after two to four seconds- If the hand has 
not been raised yet, the pulse sent by the release of the switch Is 
lost because one pulse from that terminal Is already In the queue for 
processing. This can also happen If the student releases the tone 
switch too quickly (after a depression of less than one second, for 
example). For this reason a message telling the student his tone was 
too short Is displayed If the second pulse Is not received within six 
seconds of the first, and the hand is lowered. 

Usually, If the other terminals were In student mode, It was found 
that little Interference was experienced because processing takes place 
very quickly for those students. However, Interference can be encoun- 
tered If the student programs are complex, use a large number cf slow 
functions, or contain many long branches. The major Interference Is 
caused by other terminals signed on In author mode. Due to the special 
Instruction set available to authors, more processing time Is required 
by authors than by students. Furthermore, author commands to delete, 
replace, or move Instructions, or call a macro may take one or more 
seconds to execute, and authors will frequently execute unreassembled 
course material which may require several seconds. 

For these reasons It Is best to run students at times no one else 
was on the system. 

d. Effect of proce ssin g and types of coding . During the search for 
ma x 1 mum ef f Tel ency 'a nuiroer~oFnardware and software factors were con- 
sidered. Of primary concern was the arm movement required for seeking 
material on the disk. A capability was added to the 1502 station 
control which allowed the monitoring of any station by the CRT In the 
control room. While a student worked through the f am, It was 
possible to watch what occurred on the CRT while listening to the disk 
arm movements (no one else was signed on). These arm n-ovements are 
clearly audible and can be associated with specific Instructions In 
the program coding. This method allowed the detection and Improvement 
of some unsuspected sources of Inefficiency. 

The type of branch used has an Impact upon arm seeking. Apparently 
a branch to a label Is the most efficient} the only arm movement Is to 
the label. The address of the label Is stored with the branch. A branch 
to a prO Is equally efficient because the address of the last pr Is 
stored In core. A branch to prn where n Is 1 or more requires a searen 
through all following Instructions and is less efficient. A branch to a 
return register requires reading the return register and then finding and 
branching to the label found} this Is the least efficient and seems to 
require a good deal of arm movement. 

A second consideration was the number of transfers of data to core 
from the disk for processing. This system transfers 2 sectors at a time, 
but If all operations could not be completed within this number, or If 
there are branches to other sectors, a small amount of added time was 



required to move In the next set of 2 sectors. More Important, however, 
was the celling of 100 Instructions before rescheduling. If 100 Instruc- 
tions were processed without reaching an ep, processing was rescheduled 
{temporarily halted and processing of other terminals Initiated). Pro- 
cessing was continued after that of the other terminals was completed. 

For these reasons, economy of coding was a necessity, but at times this 
proved to be difficult with Coursewrlter II due to the requirements of 
the course. 

The processing time for Coursewrlter II functions can be a factor 
In efficiency. During the early stages of program development few 
functions were available. However, one function, DCOUNT, was used to 
load the contents of a counter Into a buffer for display purposes. It 
was later found that this function required between one and two seconds 
to execute! Fortunately, by that time, a more efficient function had 
been developed which could be substituted. At some time a table of 
average function execution times under normal system conditions should 
be compiled. The availability of a function In core is also a factor. 

If a function Is not frequently used. It has to be located and loaded 
Into the fuhctlon area when It Is to be used, which takes some tome. 

Some Coursewrlter II Instructions may have an unexpected Impact on 
other Instructions. It was found that the pause (pa) Instruction causes 
rescheduling, but allows successive operations to be completed. For 
this reason, a function to read the system clock (sf function) executed 
at the time the pa was encountered, and was not updated after the pause. 
Thus, the wrong time was stored. This created a great deal of difficulty 
with the tone timing routine before the trouble was found. For similar 
reasons, some f Instructions also affect the timing and It has recently 
been found that the dl and pae Instructions also do so because they 
cause rescheduling. It has been suggested by systems staff that these 
later Instructions cause rescheduling due to an error In coding. In the 
future this condition may be corrected. 

e. Alternatives to the "patient ." As discussed In the text of this 
repor£,^U~was “necessary to provTfle a rapid "patient" response to the 
student after he depressed the tone switch. Due to the slow response of 
the first "patient" and while the second man was belna developed, other 
alternatives were explored. These consisted of lighting the patient 
signal light (as If the "patient" had pressed a button), using photo- 
graphs of a "patient" on the Image projector, and putting a spot of light 
on the display screen. All of these could be done with very few instruc- 
tions but all had disadvantages. The Image projector made a character- 
istic noise when changing Images i the student might ave been trained to 
auditory cues. The spot of light Is quite remote from normal feedback 
inodes used In normal testing but was evaluated as & last resort. The use 
of the patient signal light was an acceptable response mode, but was not 
considered as good as an overt response such as raising a hand. Fortu- 
nately, these alternatives were not found to be significantly faster than 
the new "patient", so they were discarded. 




Advanta ges and Disadvantages 
of the fmagiTro JeclS r 

The Image projector provides an excellent capability for random 
access to a large number of color Images which can be used for effective 
Instructional displays, Illustrations (types of aircraft, photomicrographs 
of microbes, or labeled photos of the Audiometer Trainer Unit), or text 
to be used for answering a series of questions. However, a number of 
problems were encountered In the production of the Image reel used In 
this course (It should be noted that this was one of the first reels 
produced for this laboratory). 

The Images photographed Included both still pictures taken on a 
copying stand and live pictures taken In a studio. Exposures for the 
Kodachrome II film were determined by technical personnel at the 
Uni vr.rs 1 1> photographic service. An Arrlflex camera modified to take 
single exposures was used. Because of a tendency for light leaks to occur 
If a single frame was In position for more than a minute, three frames 
were exposed for each Image. This precaution proved valuable because 
light leaks were found on the finished reel as well as some unexplained 
blank frames.. 

The original film was somewhat underexposed and of fairly high 
contrast. It was felt that by overexposing the Internegative slightly 
the exposure would be corrected. Three generations of release prints 
were made because the first proved to be too dark and the second, 
although lighter than the first, was still too dark to be acceptable. 

The third was as light as could be made and was marginally acceptable; 
the text, audiogram, and ATU Images were good but the studio photographs 
of a subject wearing earphones were still slightly too dark. However, 
time did not allow the rephotographing of all Images, which would have 
been required, and It was decided that the third release print was of 
good enough quality for subject trials. 

With use,, It was found that the address track of the release prints 
was sllghtlv out of alignment which occasionally caused Image projector 
errors until this condition was discovered. The problem was temporarily 
solved by re-adjusting the Image projector to the alignment of the film, 
a process that was simplified by the fact that only one image projector 
was used for all program tests. However, the re- adjustment made the 
terminal less useful for other courses that used Image reels with 
correct address tracks. 

It was decided that the misalignment of the address track might 
have been due to two possible reasons; torn sprocket holes on the address 
master or slippage of the printing address master at the sound head of 
the printer. A final determination of cause could not be made. 

A problem that was Initially encountered was the breaking of film 
In thi Image projector, sometimes within the first five uses. This 
may have been due to a defective sproc^t In the fill transport or to 
the rapid drying of the film caused by not air being blown over It. It 
was found that coating new film with a silicon preparation Increased the 
resistance of the film to breakage, but the cause of the problem was 
referred to the San Jose office of IBH. 



Evaluatio n of Coursewrlter U, 

Coursewriter II proved to be a reasonably effective langauge for 
writing Instructional materials. Its power is continually being enhanced 
by the addition of new functions and improvement of old functions. For 
normal Instructional sequences It seems to be quite adequate, although 
the number of switches, counters, and buffers is, at times, very 
limiting. With the Introduction of functions that use four buffers for 
processing, a total of five buffers is not adequate. However, It is the 
functions that provide the greatest flexibility in using the language; 
with sufficient Ingenious coding and the use of functions almost anything 
can be done. 

The major weakness of Coursewriter II, from the standpoint of the 
audiometry course, Is the limited branching capability that requires that 
only one test be made at a time, a simple logical IF. This Is sufficient 
for many routine uses, but for complex branching decisions a long string 
of logical IF's may be required. More powerful operations such as those 
found in FORTRAN (the arithmetic IF, the computed GO TO, or a complete 
logical IF that permits an operation other than branching if the IF Is 
true or which permits more than one logical statement in the logical 
expression) could replace these strings. 

These, combined with a capability to branch to a sequence number 
within a label (perhaps specified in a counter or a branch statement) 
would greatly simplify complex branching decisions and could allow for 
a more flexible course of instruction. Such capabilities would be 
especially useful for decisions that are based on the values of more 
than one counter (e.g., branch to review if counter 5 Is greater than 3 
and counter 6 is greater than 2, or if counter 7 is greater than 4) or 
if a variety of branches are possible from one counter (e.g., branch to 
brief review If counter 5 is 2, long review of counter 5 Is 4, or to the 
beginning If counter 5 Is 6). 

Improvements in the MACRO capability would simplify operations such 
as were encountered in producing different audiograms. For this it was 
necessary to use specific labels, and it was possible to use different 
segments for each iteration. At present, It Is necessary to use punched 
cards, with changes made by Inserting new cards at specific places in 
the deck for each new segment. A MACRO process that accepts given labels 
would greatly simplify this repetitious process. 

During the coding of the audiometry course It was found that the 
same sequences of Instructions were used at different places. This neces- 
sitated the repeated entry of these sequences. A command to copy a 
specific series of Instructions would greatly simplify this task in cases 
where there is not sufficient repetition to warrant a MACRO or where 
sequences are being tried out prior to complete Implementation. Such a 
capability could be developed to be analogous to the MOVE command. 
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Problems With the ATU 
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For a first-generation device of Its complexity, the Audiometer 
Trainer Unit worked very well. However, as a result of experience 
gained from writing the course, It was found that two modifications of 
the ATU were needed after delivery. A signal upon release of the tone 
switch and program control of the patient signal light were added. The 
latter caused some difficulty because of the need for sending a signal 
to the light. Thl* signal had to be added to other system signals to 
the ATU that were appropriate feedback to a typewriter terminal. 

One hardware error, which resulted In erroneous position codes 
being transmitted to the computer, proved to be extremely difficult 
to correct. It was traced to the switch used for giving tones, a 
one-pole, two-position slide-type switch designed for silent operation. 
Occasionally during depression the switch blade vibrated against the 
contacts and caused more than one signal to be placed on the ring 
counter. This usually ANDed the binary codes and produced a character- 
istic error. The problem was solved by reducing the acceptance 
Interval for the scan cycle so that vibrations would be excluded. 

The tone switch was also the source of an added difficulty; the 
reset spring broke twice during the project. The second break occurred 
just before the last two students but It was Impossible to have It 
repaired Immediately. Consequently, the last two subjects operated the 
panel by manually pressing and lifting up the tone switch. Although 
this caused some system errors, the students were able to complete the 
course successfully. It has not been possible to determine precisely 
why the springs broke, but a bent metal stop, which limits downward 
movement of the switch, indicates that someone may have pushed down 
too hard, probably someone who was not taking the course and was just 
playing with the ATU. One solution to the problem of people fiddling 
with the panel would be to fit It with a cover. 

Use of the ATU With 
a 105? System " 

The Audiometer Trainer Unit is designed to operate with a 1050 Data 
Communication System (see Appendix A) but programing was not done for 
that system. The Coursewrlter II programing designed for the 1500 system 
would require extensive rewriting and translation Into Coursewrlter I to 
adapt It for the 1050 system. Instruction In audiometry with the ATU Is 
feasible with this latter system but would lose soma of the advantages of 
the 1500 system due to the composition of the 1050 terminal (slide 
projector, typewriter, and audio unit). The "patient" would have to be 
placed on slides or the patient signal displayed by the patient signal 
light, both of which are considered less effective than the "patient" on 
the display screen (see Appendix E, 2e for a- further discussion). Most 
text would have to be displayed by the slow typewriter or by slides, 
which would require more than one slide tray (each tray contains 80 
slides). The review sections would have to be modified to use a question 
format, considered less effective than the programed format used In the 
present text. The display of tone durations would be less effective If 
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they had to be typed and the student had to look over at a typewriter. 

The running tally of responses would be difficult to maintain If It could 
be Interrupted by error messages. 

However, the 1050 system has the advantage of being able to b_ used 
anywhere; the terminal Is connected to the computer by voice grade tele- 
phone lines. Consequently the advantage of portability might outweigh 
the disadvantages of the terminal, and the loss of effectiveness might 
be minimized by a complete revision to use audio messages extensively. 
Sjch a revision would probably require a year to complete If done by 
a very small staff. However, a large staff working on several sections 
at once could probably complete the revision* in only a few months. 
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APPENDIX F 



Detaile d Cour se Outll ne 



A. Introduction co use of compute-" terminal 

B. Introduction to course 

C„ Optional gating test of ability to set panel and give tone; 
continuation options contingent upon performance; permits 
student to skip Unit 1 

D» Turning on audiometer 

E. Use of tone switch 

1. Optional practice In giving tones of specified length 

F. Use and manipulation of Channel 1 Output 

G. Use and manipulation of Channel 1 Hearing Level; practice with 

both 

H. Use and manipulation o' Frequency; p. ictlce with all 

Io Use of Tone Norm 

J. Use of S1SI 

K. Use of Channel 2; practice setting of Channel 2 components with 
Channel 1 components; self-practice v.lth a Beltone 10-D portable 
audiometer 

L. Practice setting panel 

M. Feedback on tone deviation performance; practice In giving tones 
provided If less than 80£ correct 

N. Feedback on panel setting performance-options for continuing 
with further practice, review of selected topics, or going to 
next unit 

Oo Practice with settings, with final summary feedback 

P. Index for selecting topics for review 

Q. Review Items; paragraphs reiterating all topics presented 

Unit II 

A. Series of Images with right and wrong placement of earphones; 
subject determines If correct; choice followed by descriptive 
feedback 

B. Preparing the subject for testing 

C. Option of vocabulary review 
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D. Directed step-by-step practice In giving hearing tests. All 
frequencies right ear. During each frequency, S predicts 
whether another pass Is needed and determines the final thresh- 
old. He then plots (with light pen) the point on an audiogram 
projected on the display screen. 

E. For the last three frequencies, students are Initially asi id to 
observe carefully the sequence of Intensity levels, then to 
guess the next one, and finally to type in the'r predictions. 

F. Feedback over this unit is provided concerning panel setting 
errors and tone durations. Practice in tone duration is given 
If performance was less than 80%, and review of topics Is made 
available if desired. 

G. Review of the first descending pass procedure using constructed 
responses 

H. Same type of review with ascending pass 

J. Same with last descending pass 

J. Same with frequency series 

NOTE: At the end of H, I, and J the subject Is given the opportunity to 
repeat any of these review sections. 



Unit 111 

A. Introduction to acceptable pause Interval 

8. Test of left ei* with no guidance; corrective feedback provided 
in the event of following errors: 

1. S descends after 2 No responses 

2. S ascends after 2 Yes responses 

3. S repeats same level 

4. S descends after starting below threshold 

5. S attempts to use more than 3 passes 

C. Feedback concerning correctness of procedure and duration of 
tones and pauses 

D. Entry of obtained thresholds and feedback. 

Unit IV 

Various audiograms for practice. A brief description of patient 
history and patient characteristics Is given, then student tests with no 
guidance. However, errors are counted. 
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APPENDIX G 



Oral Postprogram Questionnaire 

1. Do you like this method of learning? 

2. Was the speed of the program too fast, too slow, or about right? 

3. Was the speed of the testing procedure and the patient response too 
fast, too slow, or about right? 

4. Was the program too difficult or easy or about right? How about 
the vocabulary? 

5. Compare this method with the course work and practice you have had 
in audiometry - is it good, better, or worse? Was the patient 
response about the same as you have experienced? 

6. Would you recommend this as practice rather than humans, before 
testing humans, or after testing people? 

7. Was there enough variety In the thresholds and procedures? 

8. Does the program teach anything wrong? 

9. Did you like (or would you like) the pause duration and the tone 
duration in the last part? 

10o How do you like the audiometer panel? 

11. Do you have any added comments on the program or on CAI? 
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APPENDIX H 

Samples of Complete Unit 3 Audiograms 

Following are complete records of the performance of seven students 
on the threshold finding task In Unit 3. These were selected as being 
representative of the records obtained. The Intensities are sequenced 
under the frequencies tested, and the frequencies are sequenced in the 
order tested. Descending and ascending passes are Indicated by arrows 
{ + Indicating descending, t Is ascending). The lowest Intensity for 
each pass at which a "patient" response was obtained Is underlined (on 
some passes no level Is underlined because a response was not obtained). 
The final threshold determined by the student for each frequency is 
given just to the right of the frequency. Basic data for each student 
Is Included on each record. 

To allow comparison, a correct procedure for testing all frequencies 
Is given first. This procedure exactly represents the principles taught 
In the course. The lowest "patient" responses for each pass that were 
built In to the program are indicated on this record, as are the correct 
thresholds. 
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A recommended correct procedure for obtaining the audiogram 
for Unit 3 would be as follows: 
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Background: Grad Student. Speech and Hearing AR Rank: 18 Performance Rank: 
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Background: Nurse AR Rank: 6.5 Performance Rank: 
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Low rank a result of omitting 4000 Hz. 



